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La presente invention conceme les nouveaux derives benzo[e][l,4]oxa2ino[3,2-g]isoindole 
substitues, leur proc6d6 de preparation et les compositions pharmaceutiques qui les 
contiennent. Les composes de la prfeente invention trouvent une utilisation th6r^eutique 
interessante grSce i leiu- activite antitumorale. 

Dans la litt6rature, le J. Phann. Sciences, 1974, 63(8), pp 1314-1316 d6crit la synthese de 
d6nw6s benzoxazinoquinoline qui possMent des propriety antitumorales. La demande de 
brevet EP 0841337 revendique des d6riv6s 7,12-dioxa-benzo[a]anthracenique substitues et 
decrit leurs propri6t6s anticanc6reuses. 

Les compos6s de la pr6sente invention trouvent leur originalite a la fois dans leur structure 
et dans leur utilisation en tant qu'agent antitumoraux. lis pr6sentent 6galement une 
biodisponibilite nettement superieure par rapport k ceux de I'art anterieur. 

Plus specifiquement, la pr6sente invention conceme les composes de formule (I) : - 




dans laquelle : 

• Wi repr&ente avec les atomes de carbone auxquels il est 116, un groupement ph6nyle 
ou un groupement pyridinyle, 

® Z repr&ente un groupement choisi pamii atome d'hydrogene, halogene, groupement 
alkyle (Ci-Ce) lin6aire ou ramifi6, aryle, arylalkyle (Cj-Ce) lin6aire ou ramifi6, 
aryloxy, arylalkoxy (Ci-Cg) lin^aire ou ramifi6, hydroxy, alkoxy (Ci-Co) lin^aire ou 
ramifi6. 



Ri represente un groupement choisi parmi atome d'hydrogene, groupement alkyle 
(Ci-Ce) lin6aire ou rainifi6, aryle, arylalkyle (d-Ce) lin6aire ou ramifi6, -C(0)-R5 et 
une chalne alkylfene id-Ce) lineaire ou ramifi6, substitu6s par un ou plusieurs 
groupements, identiques ou dififerents, choisi panni atomes d'halog^ne, groupements 
cyano, -ORg, -NR^R?, -COzRfi, -C(0)R«, -C(0)-NHR6, 
dans lesquels : 

"=> Rs repr6sente un groupement choisi parmi atome d'hydrogene, groupement alkyle 
(Ci-Ce) lineaire ou ramifie, hydroxy, alkoxy (Ci-Q) lineaire ou raimfi6, aryle, 
arylalkyle (Ci-Ce) lineaire ou ramifie, ou aryloxy, 

et R7, identiques ou diff6rents, representent chacun un groupement choisi 
parmi atome d'hydrogene, groupement alkyle (Cj-Ce) lineaire ou ramifi6, aiyle, 
arylalkyle (Ci-Q) lin6aire ou ramifie ou, 

R6 + R7 forment ensemble, avec I'atome d'azote qui les portent, un h6t6rocycle de 
5^6 chainons, monocyclique, contenant dventuellement au sein du syst^me 
cyclique tm second heteroatome choisi parmi oxygdne et azote, 

R2 represente un atome d'hydrogene ou un groupement de foimule -CH2CH2O-R8 
dans laquelle : 

Rs repr6sente un groupement choisi paraii atome d'hydrogene, groupement alkyle (Ci- 
Ce) Uneaire ou ramifie, aiyle, arylalkyle (Ci-Cs) lineaire ou ramifie, -S(0)t-R6 (dans 
lequel Re est tel que d6fmi pr6cedemment, t represente un entier compris entre 0 et 2 
Indus) ou T1-R9 (dans lequel Ti represente une chatne alkylene (Ci-Ce) lineaire ou 
ramifi6e et R9 represente un groupement choisi parmi halogene, cyano, -0R<5, -NR^j, 
-C(0)H, -C(0)0R<5, -C(0)NR<5R7), 

R3, Rt, identiques ou di£f6rents, ind6pendamm^t I'un de I'autre, repr&entent un 
groupement choisi parmi atome d'hydrogene, groupement alkyle (Ci-Cg) lineaire ou 
ramifie, aryle, arylalkyle (Ci-Cg) lin6aire ou ramifie ou, 

R3 et Rt forment ensemble, avec atome d'azote qui les portent, un heterocycle de 5 ^ 6 
chaJnons, monocyclique, contenant eventuellement au sein du systeme cyclique un 
second heteroatome choisi parmi oxygene et azote. 



® n repr6sente un entier compris entre 1 et 6 inclus 



leurs enantiomferes, diast6r6oisomeres, N-oxyde, ainsi que leurs sels d'addition a un acide 
ou k une base phannaceutiquement acceptable, 

6tant entendu que par aryle, on comprend un groupement phenyle, naphtyle, 
dihydronaphtyle, tetrahydronaphtyle, indenyle ou indanyle, chacun do ces groupements 
etant eventuellement substitue par un ou plusieurs groupements, identiques ou diflFerents, 
choisis parini halogene, alkyle (Ci-Ce) lineaire ou ramifie, triahalogenoalkyle (Ci-Q) 
lineaire ou ramifie, hydroxy, alkoxy (Ci-Ce) lineaire ou ramifie, et amino eventuellement 
substitu6 par un ou deux groupements alkyle (d-Ce) lin6aire ou ramifi6, 

Parmi les acides phannaceutiquement acceptables, on pent citer k titre non limitatif, les 
acides chlorhydrique, bromhydrique, sulfurique, phosphonique, acetique, trifluoroac6tique, 
lactique, pymvique, malonique, succinique, glutarique, fumarique, tartrique, maleique, 
citrique, ascorbique, m6thane sulfonique, camphorique, etc. . . 

Pamii les bases pharmaceutiquement acceptables, on pent citer k titre non limitatif, 
Thydroxyde de sodium, Thydroxyde de potassium, la triethylamine, etc. . . ^ 

Les composes preferes de Tinvention sont les composes de formule (I) repondant plus 
particulierement a la formule (lA) : 




O 



dans laquelle Ri, Ra, R3, R4, Wi, Z et n sont tels que d^fiinis dans la formule (I). 



Selon une deuxi^me variante avantageuse, les composes preferes de Tinvention sont les 



composes de fonnule (I) repondant plus particuli^rement k la fonnule (IB) 




OB) 



dans laquelle Ri, Rj, R3, R4, Z et n sont tels que d6finis precedemment. 

Selon une troisieme variante avantageuse, les composes pr6fer6s de I'invention sont les 
compos6s de formule (I) repondant plus particuli^rement a la formule (IC) : 



/(ch,)-n: 




ac) 



dans laquelle Rj, Rj, R3, R,, Z et n sont tels que definis pr6c6demment. 

D'une fa9on int6ressante, le grouperaent Z prefer6 selon I'invention est I'atome 
d'hydrog^ne. 



10 D'une autre fa5on int6ressante, le groupement R, prefer6 selon I'invention est I'atome 
d'hydrogene et le groupement -C(0)-Rs dans lequel Rs represente plus particulierement 
atome dliydrogdne. 



vm 
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D'une fa9on avantageuse, le groupement R2 prefer^ selon I'invention est I'atome 
d'hydrogene et le groupement -CH2CH2O-R8 dans lequel Rg repr6sente plus 
particulierement un atome dliydrogfene. 
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DWe fa90ii trfes avantageuse, les coinpos6s pr6fer6s de rinvention sent ceux pour lesquels 
n repr^sente le nombre entier 2. 

De fa9on particulierement avantageuse, les groupements R3 et R4, preferes selon 
rinvention, identiques ou diff&rents, independaiximent Tun de Tautre, representent un 



Les composes preferes selon Tinvention sont le : 

• 2-[2-(diniethylamino)ethyl]-5-hydroxybenzo[a]pyrrolo[3,4-c]phenoxazine-l,3-di^^ 

• 2-[2-(diethylamino)ethyl]-5-hydroxybeiizo[a]pyn:olo[3,4-c]ph6noxazine-l,3^ 

• 2-[2-(diniethylamino)ethyl]-5-(2-hydroxy6thoxy)-2,3-dihydrobenzo[a]p^ 



« 2-[2-(dimethylamino)ethyl]-5-(2-hydroxy6thoxy)benzo[a]pyrrolo[3,4-c]^^ 
1,3-dione, . 

• 2-[2-(dina6thylamino)6thyl]-5-(2-hydroxy6thylni6thanesulfonate)bem 
[3 ,4-c]phenoxazine-l ,3-dione, 
15 • 2-[2<dinl6thylamino)ethyl]-5-(2-hydroxyethoxy)benzo[e]pyrido[2^3^5,^^ 
oxazino[3 ,2-g]isoindole- 1 ,3-dione. 

Les enantiomeres, diast6reoisomeres, N-oxydes, .ainsi que leurs sels d^addition a un acide 
ou a une base pharmaceutiquement acceptable des composes preferes font partie integratite 
de rinvention, 

20 L'invention s'etend egalement au proced6 de preparation des compos6s de formule (I), 
caracteris6 en ce que Ton utilise comme produit de depart un compos6 de formule (II) : 



dans laquelle Wi et Z sont tels que d6finis dans la formule (I), 

compose de formule (IT) dont on protege la fonction amine avec im groupement protecteur 
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groupement alkyle (Ci-Cg) lineaire ou ramifie. 



phenoxazine-8-carbald6hyde-l,3-dione, 




Po bien connu de I'homme de I'art pour conduire au compos6 de fonnule an) : 



(in) 



o 



10 
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dans laquelle Pq repr6sente un groupement tert-butyloxycarbonyl ou phenoxycarbonyl et 
Wi et Z sont tels que definis pr6cedeinment, 

compose de fonnule (HI) qui est trait6 par du diisopropylamidure de lithium suivi de 
chlorophosphate de diphenyle pour conduire au compose de fonnule (TV) : 

n Q 

(IV) 




dans laquelle Po, Wi, et Z sont tels que definis pr6c6demment, 

compose de fonnule (IV) qui est trait6. en presence de chlomre de 
bis(triph6nylphosphine)palladium, par un compose de formule (V) : 



(V) 




pour conduire au compost de fonnule (VI) 

W, 




(VI) 



dans laquelle Pq, Wi et Z sont tels que d6finis pr6cedemment, 
compost de formule (VI) qui est : 

o soit trait6 sous atmosphere inerte, par de l'ac6tylene dicarboxylate de dimethyle, 
pour conduire au compos6 de fonnule (VII) : 



COOMe 




(vn) 



dans laquelle Pq, Wi et Z sont tels que definis precedemment, 
compose de formule (VII) qui est : 

❖ soit mis en presence de N-bromosuccinimide et de peroxyde de benzoyle, pour 
conduire au compose de formule (VIII) : 




(vm) 



dans laquelle Pq, Wi et Z sont tels que definis precedemment, 

compose de formule (VIII) qui est soumis a Taction d'acide chlorhydrique pour conduire au 
compos6 de formule (DC) : 

COOMe 




dans laquelle Wi et Z sont tels que definis precedemment, 

compos6 de formule (IX) qui est soumis k Taction de di~tert-butyIdicarbonate en pr6sence 
de 4-dimethylaminopyridine, poiur conduire au compost de formule (X) : 
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COOMe 



10 
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COOMe 



OBoc 



dans laquelle : 



-represente une liaison simple ou double, Boc represente un groupement 
tert-butyloxycarbonyl et Wj et Z sont tels que definis prec6demment, 
compose de formula (X) qui est soumis a Taction de 2,3-dichloro-5,6-dicyano-l,4- 
benzoquinone, pour conduire au compose de fomiule (XI) : 

COOMe 

Oil) 




COOMe 



OBoc 

dans laquelle Boc. W, et Z sont tels que definis pr^cedeinment, 

compose de formule (XI) qui est soumis h Taction de m6thanolate de sodium puis qui est 
hydrolyse pour conduire au compose de foimule (XII) : 

gOOMe 

^/>C\^<^\^-^ /COOMe 
W. 

(XU) 



dans laquelle Boc, W, et Z sont tels que definis prec6demment, 

compos6 de formule (XH) qui est soumis k Paction d'un compost de fomule (XHI) 




HnN (CH2)„-N 



(xm) 



dans laquelle R3, R, et n sont tels que defmis dans la fomiule (I), pour conduire au 
composes de formule (I/a), cas particulier des composes de formule (I) : 



(ch2)-n; 




\ 



m 



dans laquelle Boc, R3, R4, Wi, Z et n sont tels que definis pr6c6demment, 
compost de fonnule (I/a) qui est 6ventuellement soumis aux mSmes conditions de reaction 
que le compos6 de fonnule (VIII), povir conduire au compose de fonnule (I/b), cas 
particvilier des composes de fonnule (T) : 




(CH2)-N 



OH 



dans laquelle R3, R4, Wi, Z et n sont tels que definis precMemment, 
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♦ soit soumis aux m6mes conditions de reaction que le compos6 de fonnule (X), 
pour conduire au compose de fonnule (XTV) : 

COOMe 

,COOMe 




(XIV) 



OH 



dans laquelle Pc, Wi, et Z sont tels que d6finis pr6c6demment, 

compos6 de formule (XIV) qui est soumis aux mdmes conditions de reaction que le 
compos6 de formule (XII), pour conduire au compost de formule (I/c), cas particulier des 
compost de formule (I) : 
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dans laquelle Pq, R3, R4, W,, Z et n sont tels que definis prec6demment, 
composes de formule (I/c) qui est : 

a soit 6ventuellement soumis k Taction d'acide fomiique pour conduire 
composes de fonnule (I/d) et (I/e), cas particuliers des compos6s de fonnule (1) : 



aux 



/(CH,)-N 
N ^4 





OH 



(I/d) 



dans laquelle R3, R,, W,, Z et n sont tels que d6finis pr6c6demment. 
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n soit 6ventuellement soumis i Taction dhin compose de fonnule (XV) : 

1^8— G (XV) 
dans laquelle G represente un groupement partant et Rga, diff6rent de atome 
d'hydrogene, prend la meme definition que Rg dans la fonnule (I), poiu- conduire 
compose de fonnule (Vf), cas particulier des composes de formule (I), 



au I 




dans laquelle Pq, R3, R4, Rga, W], Z et n sont tels que defmis precedenmient, 
composes de formule (I/f) dent on deprotege eventuellement la fonction amine selon des 
methodes classiques de la synthese organique pour conduire au compos6 de fomiule (I/g), 
5 cas particulier des compos6s de fomiule (I) : 




10 dans laquelle R2, R3, R4, Wi , Z et n sont tels que definis precedemment, 

composes de fomiule (I/h) qui sont 6ventuellement soumis a Taction d'un compose de 
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fonnule PCVI) : 

Ria — G (XVI) 
dans laqudle R,„ different de atome d'hydrogene, prend la m6me definition que Ri dans la 
fonnule (I) et G est tel que d6fini prdcedemment, pour conduire au compose de formule 
(Fi), cas particulier des composes de foimule (I) : 




,(CH,)„— N, 



/ 



\ 



(I/i) 



dans laquelle Ri^, R2, R3, R4, W,, Z et n sont tels que definis prec6demment. 

« soit traite avec du N-methylmaleimide, pour conduire au compost de fonnule 
(XVn): 




(XVII) 



dans laquelle Pq, W, et Z sont tels que d6finis prec6demment, 

compose de formule (XVII) qui est soumis aux mSmes conditions de reaction que le 
compose de formule (VH) pour conduire au compose de foraiule (XVHI) : 




dans laquelle Pg> Wi, et Z sont tels que definis precedemment, 

compose de formule (XVIII) qui est soumis aux memes conditions de reactions que.le 
compose de formule (XIT) pour conduire au compose de formule (I/d) tel que decrit 
5 pr6cedemment, 

les composes de formule (I/a) k (I/i) forment Tensemble des compos6s de formule (I), que 
Ton purifie le cas 6ch6ant, selon des techniques classiques de purification, qui peuvent si 
on le d6sire, etre s6par6s en leurs diflf6rents isom&res, selon vaxe technique classique de 
separation, et que Ton transforme, si on le souhaite, en leurs sels d'addition a un acide ou a 
10 une base pharmaceutiquement acceptable. 

L'invention conceme egalement les composes de formules (X), (XI) et (XIV) qui sont des 
intermediaires de synthese utiles dans la preparation des composes de formule (I). 

Les composes de fomiule (II), (V), (XIII), (XV) et (XVI) sont soit des composes 
commerciaux, soit obtenus selon des methodes classiques de la synthese organique 
15 facilement accessible k Thomme du nidtier. 

Les composes de formule (I) poss^dent d'interessantes propri6t6s pharmacologiques. lis ont 
une excellente cytotoxicity in vitro non seulement sur des lign6es leucemiques mais 
6galement sur des lignees de tumeurs solides, ils ont egalement une action sur le cycle 
cellulaire et sont actifs in v/vo, sur un modele leucemique. Ces propri6t6s pennettent leur 
20 utilisation en therapeutique en tant qu'agents antitumoraux. 
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La pr6sente invention a egalement pour objet les compositions phaimaceutiques contenant 
les produits de fonnule (D, leurs isom^es optiques ou un de leurs sals d'addition a une 
base ou un acide pharmaceutiquement acceptables, seul ou en combinaison avec un ou 
plusieurs excipients ou vehicules inertes, non toxiques. 

5 Parmi les compositions pharmaceutiques selon I'invention, il sera cite plus particuUdrement 
celles qui conviennent pour I'administration orale. parent6rale, nasale, rectale, perlinguale, 
oculaire ou respiratoire, et notamment les comprim6s simples ou drag6ifi6s, les comprim6s' 
sublinguaux, les sachets, les paquets, les gelules, les glossettes. les tablettes, les 
suppositoires, les cremes, les pommades. les gels dermiques, les preparations injectables 
10 ou buvables, les aerosols, les gouttes oculaires ou nasales. 

De part les propri6t6s pharmacologiques caract&istiques des compos6s de formule (I), les 
compositions pharmaceutiques contenant comme principe actif lesdits composes' de 
formule (T), sont done particulierement utiles pour le traitement des cancers. 

La posologie utile varie selon I'age et le poids du patient, la voie d'administration, la natiire - 
de I'indication therapeutique et des ti-aitements eventuellement associes et s'^chelonne entre 
0,1 et 400 mg par jour, en une ou plusieure administrations. 

Les exemples suivants iUustrent IWntion et ne la limitent en aucune fapon. Les produits 
15 de depart utilises sont des produits connus ou pr6par6s selon des modes op6ratoires connus. 

Les structures des composes d^crits dans les exemples ont et6 d6tennin6es selon les 
techniques spectrophotometaiques usuelles (infrarouge, resonance magnetique nucI6aire, 
spectrometrie de masse, . . .). 

20 PREPARATION A ; 3-r(diphenoxypLosphoryI)oxy].4^-l,4-ben20xazine.4- 

carboxylate de tert-butyle 

^^^A : 2,3-dihydro-4H-1.4-benzoxazme-3-one-4-carboxylate de tert-butyle 
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Sous atmosphere inerte, 73 mmol de 2iy-l,4,benzoxazine-3-one sont dissous dans 100 ml 
d'ac6tonitrile en pr6sence de 3,65 mmol de 4-dim6thylaminopyridine et 80 mmol de 
dicarbonate de di-tert-butyle. Le milieu est laisse sous agitation pendant 4 heures. Apres 
concentration, le residu est repris par Tacetate d'6thyle. La phase organique est lavee par 
5 une solution satur6e de chlorure de sodium, s6chee sur sulfate de magnesium, filtr6e et 
concentree . Apres evaporation du solvant et purification par chromatographic sur gel de 
silice (ether de petrole/acetate d'ethyle : 8/2), le produit attendu est isole. 
Point de fusion : IT'C. 

IRfKBr) : Vc^o = 1713, 1779 cm'^ ; vcoc = 1148 cm"\ 
10 Spectre de masse : m/z 250 (M + 1). 

Stade B : 3'f(diphenoxyphosphoryl)oxyJ-4H'I,4'benzoxazine'4^^ de tert-buiyle 

Sous atmosphere anhydre, 12 mmol de TMEDA sont additionn6s a une solution de 10 
nunol du produit obtenu au stade A precedent dans 50 ml de THF anhydre. Apres avoir 
refi-oidie la solution k -78°C, 12 mmol de LDA 2M (dans une solution heptane /THF) sont 

15 ajoutes goutte a goutte. Apres 2 heiures d'agitation 12 mmol de chlorophosphate de 
diphenyle sont ajoutes goutte a goutte au melange reactionnel qui est maintenue pendant 2 
heures supplementaires a — 78°C. Apres retour a temperature ambiante, la solution est 
hydrolysee puis extraite a Tacetate d^ethyle. La phase organique est sechee sur sulfate de 
magnesium, filtree et concentree. Apres purification du residu par chromatographic sur gel 

20 de silice (6ther de petrole/acetate d*ethyle : 9/1), le produit attendu est isole. 
Point de fiision : 64°C. 
IRfKBrt : vc=o = 1732 cm"^ ; vp=o 1313 cm'^ 
Spectre de masse : m/z 482 (M + 1). 

PREPARATION B : 3-[(dipheiioxyphosphoryl)oxyl-2,3-dihydro^-H-pyrido 
25 l3,2-bl[l,41oxazine-4-carboxylate de ph6nyle 

Stade A : 2,3-dihydro-4H'pyridof3,2-bJfI,4Joxazine-3'One-4'Carbo^ylate de phenyle 



Sous atmosphere anhydre, une solution de 10 mmol de 2//-pyrido[3,2-b][l,4]oxazin-3-one 
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dans 50 ml de t6trahydrofurane est refroidie k -78X. A cette temp6rature. 1 1 mmol dW 
solution de w-butyllithium a 1.6M dans ITiexane sont ajoutds goutte a goutte. Apres 30 
minutes de temps de contact k -78«C. 11 mmol de chlorofoimiate de phenyle sont ajout6s 
goutte k goutte et I'agitation est maintenue pendant 2 heures supplementaires. Apres retour 
5 k temp6rature ambiante, la solution est hydrolysee puis extraite a I'ac^tate d'ethyle. La 
phase organique est sechee sur sulfate de magnesium, filtree et evaporee. Apres 
purification par chromatographie sur gel de silice (ether de p6trole/ac6tate d'ethyle : 8/2), le 
produit attendu est isol6. 

Point de fusion : 97°C. 
10 IR(KBr) : vc=o = 1717 cm"^ ; 1803 cm''. 
Spectre de masse : m/z 271 (M + 1). 



2d&M - 3-[(diphenoxyphosphoryl)oxy]-4H-pyrido[3J-b][lA]oxazine-4-ca^^ de 
phinyle 



Le produit attendu est obtenu selon le precede decrit au stade B de la preparation A k partir 
1 5 du compose du stade pr6c6dent. 
Point de fusion : S2°C. 
P^fKBr) : vc=o = 1749 cm"' ; vp=o 1294 cm\ 
Spectre de masse : m/z 503 (M + 1). 

PREPARATION C : 8-(pinacolboronyl)-l,4-dioxaspiro{4.51d6c-7-ene 

20 Stade A : 8-(trifliiorommyl)mlfonyloxy-lA-dioxaspiro[4.5\&iz-l-hnQ 

Sous atmosph^sre anhydre, une solution de 6.4 mmol de LDA 2M dans un melange de 
THF/heptane est dilu6 dans 8 ml de THF. La temperature est abaissee a -78°C, puis 6,4 
mmol de l,4-dioxaspiro[4.5]decan-8-one en solution dans 8 ml de THF sont ajoutes 
lentement. Le milieu reactionnel est agit6 2 heures k cette temperature et 
25 9,6 mmol de N-phenyltrifluorom6thanesulfonimide en solution dans 8 ml de THF sont 
additiomies. Apres agitation 15 minutes k -78»C puis retour k temperature ambiante 
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pendant la nuit, le milieu est concentr6, Aprfes purification sur gel d'alumine neutre (6ther 
de p6trole/acetate d'ethyle : 95/5), le produit attendu est isol6. 
IRffilmNaCn : vc<: = 1692 cm-^ ; vso2 = 1418 cm"^ 

Stade B : 8-(pinacolboronyl)'I,4-dioxaspirof4,5JdeC''7'-ene 

5 Sous atmosphere inerte, 0,7 mmol du produit obtenu au stade A precedent, 1,05 muniol de 
pinacolborane, 0,028 mmol de chlorure de bis(triphenylphosphine)paIladium (II), 0,084 
mmol de triphenylarsine et 2,1 mmol de triethylamdne sont melanges dans 3 ml de toluene 
puis chauffe a SO^'C pendant 2 heures. Apres refiroidissement, le residu est repris dans 
Tacetate d'6thyle, lav6 avec une solution satur6e de chlorure de sodium. La phase organique 
10 est sechee sur sulfate de magnesium, filtree et concentree. Aprfes purification du r6sidu par 
chromatographie sur gel de silice (ether de petrole/acetate d'ethyle : 9/1), le produit attendu 
est isole. 

Point de fusion : 58°C. 

IRCKBt) : vc-c= 1635 cm"^ ; vcoc= 1115, 1143 cm\ 
15 Spectre de masse : m/z 267 (M + 1). 

EXEMPLE 1 : 8-(tert-butoxycarbonyl)-2-[2-(dimethylamino)ethyI]-5-hyciroxy-2,3- 
dihydrobenzo[a]pyrrolo[3,4-c]phetioxazme-l,3-d]one 

Stade A : 3-(l,4-dioxaspiro[4.5Jdec-7-en-8-yl)-4H'l,4-benzoxazine'4^^ de tert- 

buiyle 

20 Sous atmosphere inerte, une solution IM del mmol du produit de la preparation A et 5 % 
de chlomre de bis(triphenylphosphine)palladium (II) dans du t6trahydiofurane est agitee 
pendant 10 minutes k temperature ambiante 1,5 mmol du produit de la pr6paration C, 
quelques gouttes d'6thanol et 2 mmol d'une solution aqueuse de carbonate de sodium 2M 
sont ajoutes au melange reactioimel qui est ensuite poit6 a reflux pendant une heure. Apr^s 

25 refroidissement et hydrolyse, la solution est extraite par Tacetate d'ethyle. La phase 
organique est sech6e sur sulfate de magnesium, filtr6e et concentree. Apr^s purification par 
chromatographie sur gel de silice (ether de p6trole/acetate d'ethyle : 6/4), le produit attendu 
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est isole. 

Point de fusion : 92-93°C. 

^(KBr) : vc=o = 171 1 cm"' ; vcoc= 1 1 13, 1163 cm"'. 
Spectre de massft : m/z 372 (M + 1). 

5 ^MSJ. ■■ ^2-(tert.butoxycarbonyl)-3,3-(U.^thylenedioxy^^^^ 
benzo[a]phenoxazine-5,6-dicarboxylate de dimethyle 

Dans un syst^e clos. 8 mmol du produit obtenu au stade A pr6c6dent et 40 mraol 
d'ac6tylene dicarboxylate de dimethyle sont agit6s k 80°C pendant 22 heures. Aprfes 
purification par chromatographie sur gel de silice (ether de petrole/acetate d'ethyle : 7/3), le 
1 0 produit attendu est isol6. 

Point de fusion : 234-235°C. 

ffiQKBr} : vc=o = 1728 cm"' ; vcoc= 1 152 cm"'. 

Spectre de masse : m/z 514 (M + 1). 
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^^^^^^ ^ • ^^-(^^'^-^^^''^<'°rbonyl).3Mia-it1xyUnedioxy).iaX4-t^^^ 
henzo[a]phenoxazine-5,6-dicarboxylate de dimethyle 

Sous atmosphere inerte, 0,92 nunol du produit obtenu au stade B pr6c6dent et 2,75 mmol 
de N-bromosuccinimide recristallise sont chauffes dans 23 ml de t^trachlorure de carbone 
distill6 pendant 10 minutes a reflux a I'aide d'une lampe de 60 W en presence d'une 
quantit6 catalytique de p6roxyde de benzoyle. Aprfe reftoidissement. la solution est filtree 
puis concentric. Aprds purification par chromatographie sur gel de silice (ether de 
petrole/ac6tate d'6thyle : 6/4), le produit attendu est isole. 
Point de fusion : < 50°C. 

m(KBr) : vc=o = 1701, 1717, 1733 cm'' ; vcoc= 1152, 1 195 cm ' 
Spectre de ma.sse : m/z 512 (M + 1). 

25 Stade D : 3-oxo-}.3A12-tetrahydro-2H-benzo[a]phe,ioxazine-5.6-dicarboxylate de 

dimethyle 
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3 ml d'acide chlorhydrique 12M sont ajout6s goutte k goutte a 0,6 mmol du produit obtenu 
au stade C pr6c6dent dissous dans 3 ml d'ethanoL Le m61ange est agit6 1,5 heures k 
temperature ambiante. Apres neutralisation par une solution saturfe d'hydrogenocarbonate 
de sodium et extraction avec de I'acdtate d'6lhyle, la phase organique est sechee sur sulfate 
5 de magnesium, filtree, concentr6e. Apres purification par chromatographic sur gel de silice 
(ether de petrole/ac6tate d'ethyle : 5/5 a 0/10), le produit attendu est isol6. 
Point de fusion : 250-25 PC. 

IR(KBr^ : Vc=o = 1695, 1720 cm"^ ; Vnh= 3430 cm'^ 
Spectre de masse : m/z 366 (M + 1). 

10 Stade E : 12-(teri-butoxycarbonyl)'3-[(tert-bu£oj(ycarbonyI)oxyJ'l^ 
benzofaJphenoxazine'-5,6-dicarboxylate de dimethyle 

Sous atmosphere inerte, 0,69 mmol du compos6 obtenu au stade D precedent sont dissous 
dans 10 ml de t^trahydrofurane. Aprfes addition de 1,73 momol de 4-dunethylaminopyridine 
et 1,73 mmol de di-tert-butyldicarbonate,. le milieu est laiss6 sous agitation pendant 12 
15 heures. Apres concentration, le r6sidu est repris par Tac^tate d'ethyle et lave deux fois par 
une solution d'acide chlorhydrique IM. La phase organique est sechee sur sulfate de 
magn6sium, filtree et concentree, permettant d'obtenir le produit attendu. 
IRffilm NaCn : vc=o = 1728, 1756 cm"^ ; vcoc= 1 139 cm'^ 
Spectre de masse : m/z 568 (M H- ly 

20 Stade F : 12'(tert-buto^ycaf-bonyI)-3'[(tert-butoxycarbonyI)oxyJ-J2H- 
benzo[aJphenoxa2ine-5,6-dicarboxylate de dimethyle 

Sous atmosphere inerte 0,62 mmol du compose obtenu au stade E precedent sont dissous 
dans 5 ml de toluene en presence de 4,96 mmol de 2,3-dichloro-5,6-dicyano-l,4- 
benzoquinone et le milieu est chauffe k 90°C pendant 24 heures. Apxhs rejfroidissement et 
25 concentration, le milieu reactiomiel est repris par du dichloromethane et lav6 par une 
solution de soude i 8 %. La phase aqueuse est extraite par le dichloromethane et les phases 
organiques sont rassemblees, sech^es sur sulfate de magn6sium, filtrees et concentrees. 
Apres purification par chromatographic su gel silice (ether de petrole/acetate d'ethyle : 
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7/3), le produit attendu est isole. 
Point de fusion : 101-102''C. 

: Vc=o = 1731, 1739, 1756, 1766 cm"' ; vcoc= 1149 cni 
Spectre de masse : m/z 566 (M + 1). 

SiMs=Q • 1 2-(ten-butoxycarbonyl)-3-hydroxy-12H-benzo[a]phenoxazme-5,6- 
dicarboxylate de dimethyle 



Sous atmosphere inerte, 0,28 mmol du compose obtenu au stade F pr6c6dent sont dissous 
dans 2 ml de m6thajiol en presence de 0,34 mmol de m6thylate de sodium. Le milieu est 
laisse sous agitation k temperature ambiante pendant 12 heures. Apres concentration et 
hydrolyse, le miHeu est extrait par I'ac^tate d'ethyle, seche sur sulfate de magnesium, filtr6 
et 6vapor6. Apres purification par chromatographie sur gel silice (ether de petrole/ac6tate 
d'ethyle : 7/3), le produit attendu est isol6. 
Point de fusion : 90-9 1°C (decomposition). 
mmil •■ vc=o = 1722 cm-' ; vcoc= 1152 cm"' ; voh= 3442 cm"'. 
15 Spectre de masse : m/z 466 (M + 1). 

^tCfdeH : 8-(tert-butoxycarbonyl)-2-[2-(dimethyIamino)ithyl]-5-hydroxy-2.3- 
dihydrobenzo[a]pyrrolo[3.4-c]phenoxazine-l,3-diotie 

Sous atmosphere inerte, 0,26 mmol du compose obtenu au stade G pr6c6dent sont chauffes 
k 100°C dans 4 ml de N.N-dimethylethylene diamine pendant 7 heures. Apres 
refroidissement I'excfes de diamine est evapore. Apres purification par chromatographie sur 
gel de silice (dichlorom6thane/methanol : 95/5), le produit attendu est isole. 
Point de fusion : 190''C (degradation). 

MKBrl: vc=o=1705, 1 762 cm'' ; vco = 1249 cm-' ; Voh = 3446 cm"'. 
Spectre de masse : m/z 490,5 (M + 1). 

25 EXEMPLE2 ; chlorhydrate de 2-[2-(dim6thylaniino)6tl»yl]-5-hydroxyben20 

(a]pyrrolo[3,4-c]pl)£noxa3ine-l,3-dione 
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3 ml d'acide chlorhydrique 12M sont ajout6s goutte k goutte a 0,2 mmol du compos6 de 
Texemple 1 dissous dans 4 ml Methanol. Le melange reactionnel est agite 1,5 heures a 
temperature ambiante puis concentr6. Par addition d'ether 6thylique, il se forme un 
pr^cipite qui est filtr6, permettant d'obtenir le produit attendu, 
IRfKBr) : voo = 1686, 1744 cm"^ ; vnh,oh= 3431 cm"^ 
Spectre de masse : m/z 390 (M + 1). 

EXEMPLE 3 ; 8-(tert-butoxycarbonyl)-'2-[2-(dimethylamino)ahyll-5-(2-. 

hydroxyethoxy)-2,3-dihydrobenzo[a]pyrrolo[3,4-c]ph£iioxazine- 
ls3-dione 

StadeA : I2-ftert'butoxycarbonyI)-3-(2-hydroxyethoxy)'12H^ 
. dicarboxydate de dimethyle 

Le produit attendu est obtenu selon le procede decrit au stade F de Texemple 1 a partir du 
compos6 du stade B de I'exemple 1. 

Point de fusion : 87-88°C. 

IR(KBr) : Vc^o = 1725cm'^ ; voh= 3440 cm-^ 

Spectre de masse : m/z 510 (M + 1). 

Stade B : 8-(tert-butoxy>carbonyiy2'[2-(dimethylamino)^^^ 

dihydrobenzof a]pyrrolo[3, 4'Cjphenoxazine-l, S^dione 

Le produit attendu est obtenu selon le proc6de decrit au stade H de I'exemple 1 a partir du 

compos6 du stade A pr6cedent. 

Point de fusion : > SO^'C (d6gradation). 

IR(KBr> : vc=o = 1707, 1763 cm^^ ; voh= 3447 cm^V 

Spectre de masse : m/z 534 (M + 1). 

EXEMPLE 4 ; 8-(tert-butoxycarbonyI)-2-[2-(dimethylamino)ethyl]-5>{2- 
[(methylsulfonyl)oxy]ethoxy}-2,3-dihydroben2o[alpyrrolo 
l3,4-c]pheiioxa2me-l»3-dione 
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Sous atmospha^re inerte, 0,93 mmol de triethylamine puis 0,93 mmol de chlomre de mesyle 
sont ajout& k une solution de 0,06 mmol du compose de I'exemple 3 dans 3 ml de 
dichlorometfaane i 0°C. L'agitation est maintenue k 0°C pendant 8 heures. A temperature 
ambiante, la solution est hydrolysis puis extraite par le dichloromethane. La phase 
5 organique est sechee sur sulfate de magnesium, filtree et concentr6e. Apres purification par 
chromatographie sur gel de silice (dichloromethane/methanol : 95/5), le produit attendu est 
isol6. 

Point de fusion : yO-SO^C (gomme). 
JRQKBr) : vc=o = 1707, 1763 cm"'. 
10 Spectre de massR ; m/z 612 (M + 1). 

EXEMPLE 5 ; 2-I2<dim6thylamiiio)6thyl].5-{2-[(methylsulfonyl)oxylethoxy}- 
l,2,3,8-t6trahydrobenzo[alpyrrolo[3,4-c]phenoxazine-l,3-dione 

0,03 mmol du compose de I'exemple 4 sont dissous dans 1 ml d'acide foraiique et laisse 
sous agitation a temperatme ambiante pendant 3 heures. Apr^s concentration, le r&idu est 
15 repris par le dichlorom6thane et lav6 avec une solution de carbonate de sodium 2M puis 
avec de I'eau. Les phases organiques sont rassemblees, s6chees sur sulfate de magn6sium, 
filtr6es, concentr6es. Apres purification par chromatographie sur gel de silici 
(dichlorom6thane/m6thanol : 9/1), le produit attendu est isol6. 
miKBll : vc=o = 1686. 1702 cm'' ; vnh = 3432 cm'^ 
20 Spectre de masse. : m/z 512 (M + 1). 

EXEMPLE6 .: 2-r2.(dim6thyIammo)ethyI]-5-(2-hydroxy6thoxy)benzo 
fa]pyrrolo[3,4-c]ph6noxa2ine-l,3-dione 

Le produit attendu est obtenu selon le proc6de de I'exemple 5 a partir du compos6 de 
I'exemple 3. 

25 Point de fusion : 216*>C (gomme). 

MEm ■■ vc=o = 1690, 1741 cm-' ; vnh = 3427 cm"'. 
Spectre de masset : xn/z 434 (M + 1). 
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EXEMPLE 7 : 8Kformyl>2-(2.(dim6thylammo)6thyll-5-(2-hy 
[a]pyrroio[3,4-c]phSiioxazuie-l93-diotte 

Le produit attendu est obtenu lors de la purification par chroraatographie sur gel de silice 

de Texemple 6. 

Point de fusion : 202^C. 

IR(KBrt : vc=o = 1693, 1732 cm"^ ; Vnh = 3428 cm''. 
Spectre de masse : m/z 462 (M + 1). 

EXEMPLE 8 ; 8-(phenoxycarbonyl)-5-(2-hydroxy6thoxy)-2-inethyl-2,3- 

dihydrobenzo[e]pyrido[2*^*:5,6][l,4]oxazino[3,2-g]isoindole-l,3- 
dione 

Stade A : 3'(l,4-dioxaspiro[4.5]deC'7-en-8'yiy4H-'pyrido[3,2-b] [ 1, 4]oxazine-4' 
carboxylate de phenyle 

Le produit attendu est obtenu selon le procede du stade A de Texemple 1 a partir du 
compose de la preparation B. 

ffifKBr}: vc=o= 1741 cm'^ vcoc = HH, 1197 cm*^ 
Spectre de masse : m/z 393 (M + 1). 

Stade B : 8'(phenoxycarbonyiy5,5'(l,2-ethylenedioxy)'2-methyl-2,^ 6, 7, 

13a, 13b'decahydrobenzo[e]pyrido[2', 3 ':5, 6][1, 4] oxazino[3, 2'gJ isoindole 
'1,3-dione 

Dans un systfeme clos, 1 mmol du produit obtenu au stade A pr6c6dent et 3 mmol de N- 
m6thylmal6imide sont agit6s k 95**C pendant 2 heures en presence de quelques gouttes de 
tolufene. Apres purification par chromatographic sur gel de silice (ether de p6trole/ac6tate 
d'ethyle : 6/4), le produit est isole. 
Point de fusion : ISC^C (gomme), 
IRfKBr) : Vc«o = 1701, 1786 cm\ 
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Speche de massft ; xa/z 504 (M + 1). 

k£ ; S-(phenoxycarbonyl)-5-(2-hydroxyethoxy)-2-methyl-2J^^^^ 
[e]pyndo[2'.3':5.6][l,4]oxazino[3,2-gJisoindole-1.3-dione 

Le produit attendu est obtenu selon le precede decrit au stade C de I'exemple 1 ^ partir du 
compose du stade B precedent. 
Point de fiisinn : 250°C (goinine). 

vc=o = no?, 1752 cm-' ; vcoc = 1 191 cm'^ ; vqh = 3463 cm''. 
Spectre de massp. : xa/z 498 (M + 1). 

EXEMPLE9 ; 2.[2-(dim6thylami«o)6thyIl.S-(2-hydroxyetyh 

pyrido[2',3':5,6][l,4]oxaziiio[3,2-glisomdole-U.dione 

Le produit attendu est obtenu selon le procede d6crit au stade H de I'exemple 1 a partir du 
compose de I'exemple 8. 
Spectre de masse. : xnJz 435 (M + 1). 

EXEMPLK10 : Htert-b«toxycarlM>nyI)-2-[2<di6fhylamino)6thylJ-5-hydroxy-2^^ 
dihydrobeiizo[a]pyrrolor3,4-clphtooxazine-U-dione 

Le produit attendu est obtenu selon le precede d6crit au stade H de I'exemple 1 a partir du 
compost du stade G de I'exemple 1 et de N,N-di6thyl6thylene diamine. 

E^^MPLEU: 2.[2.(di6thyIami«.o)6thyl]-5-hydroxyben2o[a]pyrroloI3,4-cl 
phin oxazine-1 ,3-dione 

20 Le produit attendu est obtenu selon le precede de I'exemple 2 A partir du compost de 
Texemple 10. 
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ETUDE PHARMACOLOGIOUE PES COMPOSES DB L INVENTION 
EXEMPLE 12 : Activity in vitro 

❖ Leucemie murine L1210 

La leucemie murine L1210 a ete utilisee in vitro. Les cellules sont cultivees dans du 
5 milieu de culture RPMI 1640 complet contenant 10 % de serum de veau fotal, 2 mM de 
glutamine, 50 U/ml de penicilline, 50 ng/ml de streptomycine et 10 mM d'Hepes, pH : 7,4, 
Les cellules sont reparties dans des microplaques et exposdes aux composes cytotoxiques 
pendant 4 temps de doublement, soit 48 heures. Le nombre de cellules viables est ensuite 
quantise par un essai colorimetrique, le Microculture Tetrazolium Assay (J. Carmichael et 
10 al.. Cancer Res. : 47. 936-942, (1987)). Les r6sultats sont exprimes en IC50, concentration - 
Qi cytotoxique qui inhibe a 50 % la proliferation des cellules traitees, Tous les produits de 
rinvention montrent une bonne cytotoxicite sur cette lign6e cellulaire. 

Lignees cellulaires humaines 

Les composes de Tinvention ont egalement ete testes sur des lignees cellulaires humaines 
15 issues de tumem's solides selon le meme protocole experimental que celui decrit sur la 
leucemie murine L1210 mais avec des temps d'incubation de 4 jours au lieux de 2 jours. A 
titre indicatif, le compost de I'exemple 2 presente un IC50 inferieur a 1 jxM sur les lignees 
humaines suivantes ; carcinome de la prostate DU145, carcinome pulmonaire non i petites 
cellules A549, carcinome du colon HT-29 et carcinome epidermoYde KB-3-L 
20 Ces diff6rents r6sultats d6montient clairement le fort potentiel anti-tumoral des composes 
de rinvention, sur les leuc6mie et les tumeurs solides. 

EXEMPLE 13 : Action sur le cycle cellulaire 

Les cellules L1210 sont incub^es pendant 21 heures k 37^C en presence de differentes 
concentrations en produit testes. Les cellules sont ensuite fix6es par de I'ethanol a 70 % 
25 (v/v), lavees deux fois dans du PBS et incubees 30 minutes a 20''C dans du PBS contenant 
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100 us/ml de RNAse et 50 Kg/ml d'iodure de propidium. Les rdsultats sont exprimes en 
pourcentage des ceUules accumul6es en phase G2+M apr^s 21 heures par rapport au 
t6moin (t6mom : 20 o/o). Les composes de rinvention sont particulierement interessants. 
Amsi, ils induisent une accumulation d'au moins 80 % des cellules en phase G2 + M apres 
21 heures a une concentration inf6rieure a 2,5 ^iM. 

EXEMPLR 14 : Activite in vivo 
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Activite antitumorale sur la leucemie P 388 

La lignee P388 (leucemie murine) a 6t6 foumie par le National Cancer Institute (Frederick 
USA). Les cellules tumprales (10« cellules) ont 6te inoculees au jour 0 dans la caviti 
p^toneale de souris B6D2F1 femelles (Hfa Cr^o. France). Six souris de 18 i 20 g ont ete 
utilisees par groupe exp6rimental. Les produits ont €X€ adminisHes par voie intraperitoneale 
aujour 1. 

L'activit6 antitumorale est exprim^e en % de T/C : 

T/C% (souris) = Temps de survie median des animaux traites 

Tenps de survie median des animaux contrdles ^ ^ ^ 
Les r6sultats obtenus montrent une excellente activity in vivo sur le modele leucemique P 
388 avec un T/C de 210 % poxn- une dose de 50 mg/kg, ainsi qu-une faible toxicity des 
composes temoin d'un excellent index therapeutique. 

EXEMPLE15 : Composition pharmaceutique : solute injectable 
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Compose de I'exemple 2 

Eau distillee pour preparations injectables 



10 mg 
25 ml 
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REVENmCATfONS 



1, Composes de fonnxile (I) : 




/(CH,)-N 



OR, 



\ 



R. 



(I) 



dans laquelle : 

• Wi represente avec les atomes de carbone auxquels il est li6, un groupement phenyle 
ou un groupement pyridinyle, 



10 



Z represente un groupement choisi parmi atome d'hydrogene, halogene, groupement 
alkyle (Ci-Ca) lineaire ou- ramifi^, aryle, arylalkyle (Ci-Ce) lineaire ou ramifie, 
aryloxy, arylalkoxy (Ci-Q) lineaire ou ramifie, hydroxy, alkoxy (Ci-Cg) lineaire ou 
ramifie, 
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Ri represente un groupement choisi parmi atome d'hydrogfene, groupement alkyle 
(Ci-Ce) lineaire ou ramifi6, aryle, arylalkyle (Ci-Ce) lineaire ou ramifi6, -C(0)-R5 et 
une chalie alkylene (Ci-Ce) lineaire ou ramifie, substitues par un ou plusieurs 
groupements, identiques ou diff6rents, choisi parmi atomes dlialogene, groupements 
cyano, -OR6> -NRgRt, -C02R($, -C(0)R<>, -C(0VNHR6, 
dans lesquels : 

^ Rs represente un groupement choisi parmi atome dhydrogene, groupement alkyle 

(Ci-C6) lin6aire ou ramifi6, hydroxy, alkoxy (CrCe) lin6aire ou ramifi6, aryle, 

arylalkyle (Ci-Ce) lin6aire ou ramifie, ou aryloxy, 
^ R6 et R7, identiques ou differents, repr6sentent chacun un groupement choisi 

pamii atome d'hydrogene, groupement alkyle (Ci-Ca) lineaire ou ramifi6, aryle, 

arylalkyle (Ci-Ce) lineaire ou ramifid ou, 
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R(5 + Ry fonnent ensemble, avec I'atome d'azote qui les portent, un h^t^rocycle de 
5^6 chainons, monocyclique, contenant eventuellement au sein du systeme 
cyclique un second het6roatome choisi parmi oxygfene et azote, 

« Rz represente un atome d'hydrogene ou un grouperaent de fomiule -CHzCHaO-Rg 
dans laquelle : 

Rg repr6sente un groupement choisi parmi atome d'hydrogene, groupement alkyle (C,- 
C6) lineaire ou ramifie, aryle, arylalkyle (C-Ce) lineaire ou ramifie, -S(0)t-R<j (dans 
lequel R^ est tel que d6fini precedemment, t repr6sente un entier compris entre 0 et 2 
inclus) ou Ti-Rp (dans lequel T, repr&ente une chaine alkylene (C-Ce) lineaire ou 
ramifiee et R9 represente un groupement choisi parmi halog^ne, cyano, -0R<5, -NR^R, 
-C(0)H, -C(0)OR^, -C(0)NR6R7), 

^ R3, Bt,, identiques ou differents, ind6pendamment I'un de I'autre, repr6sentent un 
groupement choisi parmi atome d'hydrogene, groupement alkyle (C.-Ce) Hn6aire ou 
ramifi6, aryle, arylalkyle (d-Ce) lineaire ou ramifi6 ou, 

R3 et R4 forment ensemble, avec atome d'azote qui les portent, un heterocycle de 5 a 6 
chainons. monocyclique, contenant eventuellement au sein du systdme cyclique un 
second het6roatome choisi parmi oxygene et azote, 

o n represente un entier compris entre 1 et 6 inclus 

leurs enantiomeres. diastereoisomeres, N-oxyde, ainsi que leurs sels d'addition k un 
acide ou k une base pharmaceutiquojient acceptable, 

6tant entendu que par aryle, on comprend un groupement phenyle, naphtyle, 
dihydronaphtyle. t6lrahydronaphtyle. ind^nyle ou indanyle, chacun de ces 
groupements etant eventuellement substitue par un ou plusieurs groupements. 
identiques ou difF6rents, choisis pamii halogene, alkyle (C-Q) lin6aire ou ramifie, 
triahalogenoalkyle (C.-Q) lineaire ou ramifie, hydroxy, alkoxy (C.-C^) lineaire ou 
ramifi6, et amino eventuellement substitue par un ou deux groupements alkyle (C-Ce) 
lineaire ou ramifi6. 
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2. Compos6 de fonnule (I) selon la revendication 1, caract6ris6s en ce qu'ils representent 
des compos6s de forraule (lA) : 




dans laquelle Ri, R2, R3, R4, W3, Z et n sont tels que d^JSnis dans la fonnule (I), leurs 
5 enantiomeres, diastereoisomeres^ N-oxyde, ainsi que leurs sels d'addition a un acide ou 

a une base pharmaceutiquement acceptable. 

3» Composes de formule (I) selon Tune quelconque des revendications 1 ou 2,' 
caracteris6s en ce qu'ils representent des composes de fonnule (IB) : 




10 dans laquelle Ri, R2, R3, R4, Z et n sont tels que d6finis precedemment, leurs 

6nantiom^res, diast6r6oisomdres, N-oxyde, ainsi que leurs sels d'addition k un acide ou 
a une base pharmaceutiquement acceptable. 

4. Composes de formule (I) selon Tune quelconque des revendications 1 ou 2, 
caract6ris6s en ce qu'ils representent des compos6s de formule (IC) : 
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\ 




(IC) 



dans laquelle R„ R„ R,, R,, Z et n sont tels que d6fmis precedemment, leurs 
6nant,om6res. diast^r^oisomferes, N-oxyde, ainsi que Icutb sels d'addition a un acide ou 
k une base phaimaceutiquement acceptable. 

5. Compos6s de fonnule (1) selon I'une quelconque des revendications ] a 4, caract6ris6s 
en ce que Z repr6sente un atome d'hydrogene, leurs enantiomeres, diaster6oisom6res 
N-oxyde, ainsi que leurs sels d'addition k un acide ou k une base phannaceutiquement 
acceptable. 

6. Composes de fonnule (1) selon I'une quelconque des i^vendications I a 5, caract6ris& 
en ce que R, repr^sente un atome dliydrogfene ou un groupement -C(0)-R5 dans lequel 
Rs repr^sente plus particulierement un atome dliydrog^ne. leurs 6nantiom^res 
diast6r6oisom^res, N-oxyde, ainsi que leui. sels d'addition k un acide ou k une base 
phannaceutiquement acceptable. 



7. 



Compos6s de formule (D selon I'une quelconque des revendications 1 a 6, caract6rises 
en ce que R, repr6sente un atome dTiydrogfene ou un groupement -CHaCHaO-Rs dans 
lequel Rs repr6sente plus particulierement un atome d'hydrogene, leurs enantiomeres 
diast^reoisomeres, N-oxyde, ainsi que leurs sels d'addition a un acide ou k une basi 
phannaceutiquement acceptable, 

8. Composes de fonnule (1) selon I'une quelconque des revendications 1 k 7, caract6ris6s 
en ce que n repr^sente un nombre entier 2, leure enantiomeres. diast6r6oisomeres, N- 
oxyde. ainsi que leurs sels d'addition k un acide ou k une base phannaceutiquement 
acceptable. 




31 



9. Composes de fonnule (I) selon Tune quelconque des revendications 1 it 8, caracterises 
en ce R3 et R4, identiques ou di£f6rents, independamment Tun de Tautre, repr6sentent 
un groupement alkyle (Ci-Ce) lineaire ou ramifie, leurs 6nantiomeres, 
diaster6oisom6res, N-oxyde, ainsi que leurs sels d'addition k un acide ou a une base 
5 pharmaceutiquement acceptable. 



10. Composes de foraiule (I) selon la revendication 1 qui sent le : 

• 2-[2-(dim6thylamino)ethyl]-5-hydroxybenzo[a]pyiTolo[3,4-c]pMnoxa2in^^ 
dione, 

• 2-[2-(diethylamino)ethyl]-5-hydroxybenzo[a]pyrroIo[3,4-c]phe^^ 
10 dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyetlioxy)-23-dihydrobei^^ 
[3,4-c]phenoxazine-8-carbald6hyde- 1 ,3 -dione, ' r - 

• 2-[2<dimethylainino)ethyl]-5-(2-hydroxy6thoxy)benzo[a]p}a^^ 
phenoxazine- 1 ,3-dione, 

15 ® 2-[2<dimahylamino)ethyl]-5-(2-hydroxyethylmethanesu^^ / 

[3,4-c]ph6noxazine-l,3-dione, 

• 2-[2-<dim6thylamino)ethyl]-5-(2-hydroxyethoxy)benzo[e]pyridoP ,4]- T 
oxazino[3,2-g]isoindole- 1 ,3-dione, 

leurs enantiomeres, diastereoisomeres, N-oxyde, ainsi que leurs sels d'addition a un 
20 acide ou a une base pharmaceutiquement acceptable. 

!!• Procede de preparation des composes de fonnule (I) selon la revendication 1, 
caracterise en ce que Ton utilise comme produit de depart un compos6 de fonnule (11) : 

w. 



I 




N 
H 
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dans laquelle Wi et Z sont tels que d6finis dans la fonnule (I), 

compos6 de foimule (H) dont on protege la fonction amine avec un groupement 
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protecteur Pq bien connu de I'homme de I'art pour conduire au corapos6 de fonnule 



m 



10 



15 



dans laqueUe Pq repr&ente un groupement tert-butyloxycarbonyl ou phenoxycarbonyl 
et Wi et Z sont tels que definis precedemment, 

compose de fonnule (III) qui est trait6 par du diisopropylamidure de lithium suivi de 
chlorophosphate de diph^nyle pour conduire au compose de fonnule (IV) : 



(IV) 



dans laquelle Pq, Wi, et Z sont tels que defmis precedemment, 

compose de formule (IV) qui est trait6, en presence de chlomre de 
bis(triphenylphosphine)palladiura, par un compost de fomiule (V) : 



(V) 





pour conduire au compos6 de fonnule (VI) : 
W. 




(VI) 



dans laquelle Po, Wi et Z sont tels que d6£inis prec6demment, 
compose de fonnule (VI) qui est : 

o soit trait6 sous atmosphere inerte, par de l'ac6tylene dicarboxylate de dimethyle. 
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pour conduire au compos6 de formule (VII) : 




(vn) 



dans laquelle Pg, Wi et Z sont tels que definis precedemment, 
compost de formule (VII) qui est : 

5 ♦ soit mis en presence de N-bromosuccinimide et de peroxyde de benzoyle, pour 

conduire au compos6 de formule (VIII) : 

COOMe 




(vm) 



daos laquelle Pg, Wi et Z sont tels que definis precedemment, 

compos6 de formule (VIII) qvd est soumis k Taction d*acide chlorhydrique pour 
conduire au compose de formule (IX) : 




dans laquelle Wi et Z sont tels que d6finis prec6demment, 

compos6 de fonnule (IX) qui est soumis k Taction de di-tert-butyldicarbonate en 
presence de 4-dimethylaminopyridine, pour conduire au compos6 de formule (X) : 
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COOMe 

COOMe 




(X) 



OBoc 



danslaquelle ZZJl represente une liaison simple ou double, Boc repr^sente un 
groupement tert-butyloxycarbonyl et Wi et Z sont tels que d^finis pr6c6demment. 
compos6 de fonnule (X) qui est soumis k I'action de 23-dichloro-5,6-dicyano-l,4- 
benzoquinone, pour conduire au corapos6 de foimule (XI) : 

pOOMe 

^ATV-'^^ ^COOMe 



OBoc 




(XO 



dans laquelle Boc, W, et Z sont tels que d6fmis pr6c6deminent, 

compose de fonnule (XI) qui est soumis a Paction de m6thanolate de sodium puis qui 
est hydrolyse pour conduire au compose de formule (XII) : 

COOMe 




COOMe 

cm 



dans laquelle Boc, W, et Z sont tels que d6fmis pr6c6demment. 

compose de fonnule (XII) qui est soumis k Taction d'un compose de fonnule (XIII) • 

H^N — (CK,)„-i^ (xm) 



R4 



dans laquelle R3. R4 et n sont tels que definis dans la fonnule (1), pour conduire au 
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composes de formule (I/a), cas particulier des compos6s de formule (I) : 




/(CH2)„-N'^ 



(I/a) 



OH 

daiis laquelle Boc, R3, R4, Wi, Z et n sont tels que definis precedemment, 
compose de fomiule (I/a) qui est Sventuellement soumis aux memes conditions de 
reaction que le compost de forniule (VIIT), pour conduire au compose de formule (I/b), 
cas particulier des composes de formule (I) : 

/(CH,)-N^ 




daas laquelle R3, R4, Wj, Z et n sont tels que definis prec6demment. 



^ soit soumis aux mSmes conditions de r6action que le compose de formule (X), pour 
10 conduire au compose de formule (XIV) : 

COOMe 




dans laquelle Pq, Wi, et Z sont tels que d6finis precedemment, 

compose de formule (XIV) qui est soumis aux mSmes conditions de r6action que le 
compos6 de formule (XII), pour conduire au compose de formule (I/c), cas particulier 



des composes de fonnule (I) 
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R3 




O/c) 



dans laquelle Pq, R3, R4, W,, Z et n sont tels que defims prec6demment, 
conipos6s de fonnule Q/c) qui est : 
a soit 6ventuelleraent soumis h Taction d'acide formique pour conduire aux 
composes de fonnule (I/d) et (1/e), cas particuliers des composes de fonnule (I) : 

O. 



N ^4 




OH 




(J/d) 



dans laquelle R3, R4, Wj, Z et n sont tels que definis precedemment, 



□ soit 6ventuellement soumis a Taction d'un compose de formule (XV) : 

^^3a — G (XV) 
dans laquelle G repr6sente un groupement partant et R^, different de atome 
d'hydrogene, prend la merae defuiition que Rg dans la fonnule (I), pour conduire au 
compose de fonnule (I/f), cas particulier des composes de fonnule (I), 




dans laquelle Pg, R3, R4j Rsa, Wi, Z et n sont tels que definis precedemment, 
composes de formule (I/f) dont on deprotege eventuellement la fonction amine selon 
des methodes classiques de la synthese organique pour conduire au compose de 
5 foimule (I/g), cas particulier des composes de foraiule (I) : 




(I/g) 



dans laquelle R3, R4, Rsa, Wu Z et n sont tels que definis precedemment, 

les composes de formule (I/b), (I/d) et (I/g) forment les composes de formule 

(I/h): 




dans laquelle R2, R3, R4, W|, Z et n sont tels que d6fmis prec6demment. 
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compos6s de fonnule (I/h) q.i sont 6ventuellement soumis i I'action d'un conipos6 de 
fonnule (XVI) : 

Ria — G (XVI) 
dans laquelle R,,. different de atome d'hydrogfene, prend la m6me definition que R, 
dans la fonnule (I) et G est tel que defini prec^demment. pour conduire au compose de 
formule (I/i), cas particulier des composes de fonnule (I) : 




,(CH,)„— N 



\ 



(I/i) 



dans laquelle R„. R^, R3. R,, w„ Z et n sont tels que definis pr^c^enunent. 
- soit traite avec du N-methylmaleimide, pour conduire au compost de fonnule 
(XVU): 




(XVU) 



dans laquelle Pq. W, et Z sont tels que d6finis prec6deinment, 

compost de fonnule (XVII) qui est souznis aux memes conditions de reaction que le 
compose de fonmUe (VH) pour conduire au compost de fonnule 
(XVm) : 




dans laquelle Pg, Wi, et Z sont tels que deflnis precedemment, 

compose de formule (XVIII) qui est soumis aux memes conditions de reactions que le 
compose de fonnule (XII) pour conduire au compose de formule (I/d) tel que decrit 
5 prec6demment, 

les composes de formule (I/a) a (I/i) fomient Tensemble des composes de formule (I)» 
que Ton purifie le cas echeant, selon des techniques classiques de purification, qui 
. peuvent si on le desire, Stre separes en leurs differents isomeres, selon une technique 
classique de separation, et que Ton transforme, si on le souhaite, en leurs sels 
10 d'addition a un acide ou a une base pharmaceutiquement acceptable. 

12. Compositions pharmaceutiques contenant corame principe actif au moins un compose 
de formule (I), selon Tune quelconque des revendications 1 a 10, seul ou en 
combinaison avec un ou plusieurs excipients ou v6hicules inertes, non toxiques, 
pharmaceutiquement acceptables. 

15 13. Compositions pharmaceutiques selon le revendication 12, utile en tant que 
medicament, dans le traitement des cancers. 

14. Compos6s dc fonnule (X), (XI) et (XIV) : 

COOMc 





en taut qu'intermediaires de synthese des composes de fonnule (I). 
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The present invention relates to new benzo[e][l,4]oxazino[3,2-g]isoindole compounds, to a 
process for their preparation and to pharmaceutical compositions containing them. The 
compounds of the present invention are of valuable therapeutic use owing to their anti- 
tumour activity. 

In the literature, J. Pharm. Sciences, 1974, 63(8), pp 1314-1316 describes the synthesis of 
benzoxazinoquinoline compounds having anti-tumour properties. Patent Application 
EP 0 841 337 claims substituted 7,12-dioxabenzo[a]anthracene compounds and describes 
their anti-cancer properties. 

The novelty of the compounds of the present invention is to be found both in their stmcture 
and in their use as anti-tumour agents. Their bioavailability is also clearly superior 
compared with the compounds of the prior art. 

The present invention relates more specifically to compounds of formula (I) : 



Wi represents, with the carbon atoms to which it is attached, a phenyl group or a 
pyridyl group, 

Z represents a group selected from hydrogen, halogen, and the groups linear or 
branched (Ci-C6)alkyl, aryl, aryl-(Ci-C6)alkyl in which the alkyl moiety may be linear 
or branched, aryloxy, aryl-(Ci-C6)alkoxy in which the alkoxy moiety may be linear or 
branched, hydroxy and linear or branched (Ci-C6)alkoxy, 




(I) 



wherein : 



Ri represents a group selected from hydrogen and the groups linear or branched 
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(CrC6)aIkyl, aryl, aryl-(Ci-C6)alkyl in which the alkyi moiety may be linear or 
branched and -C(0)-R5, or a linear or branched (Ci-C6)alkylene chain, substituted by 
one or more identical or different groups selected from halogen and the groups cyano, 
-OR6, -NR6R7, -CO2R6, -C(0)R6 and -C(0)-NHR6, 
wherein: 

•=> R5 represents a group selected from hydrogen and the groups linear or branched 
(Ci-C6)alkyl, hydroxy, linear or branched (Ci-C6)alkoxy, aryl, aryl-(Ci-C6)alkyl 
in which the alkyl moiety may be linear or branched and aryloxy, 

^ R6 and R7, which may be identical or different, each represents a group selected 
from hydrogen and the groups linear or branched (Ci-C6)alkyl, aryl and aryl- 
(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, or 
R^ + R? together form, with the nitrogen atom carrying them, a monocyclic 
heterocycle having 5 or 6 ring members and optionally containing in the ring 
system a second hetero atom selected from oxygen and nitrogen., 

R2 represents a hydrogen atom or a group of formula -CH2CH2O-R8 wherein : 
Rg represents a group selected from hydrogen and the groups linear or branched 
(Ci-C6)alkyl, aryl, aryl-(Ci-C6)alkyl in which the alkyl moiety may be linear or 
branched, -S(0)rR6 (wherein R^ is as defined hereinbefore and t represents an integer 
of from 0 to 2 inclusive) and T1-R9 (wherein Ti represents a linear or branched 
(Ci-C6)alkylene chain and R9 represents a group selected from halogen, cyano, -ORe, 
-NR6R7, -C(0)H, -C(0)0R<5 and -C(0)NR6R7), 

R3 and R4, which may be identical or different, each represents, independently of the 
other, a group selected from hydrogen and the groups linear or branched (Ci-C6)alkyl, 
aryl and aryl-(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, or 
R3 and R4 together form, with the nitrogen atom carrying them, a monocyclic 
heterocycle having 5 or 6 ring members and optionally containing in the ring system a 
second hetero atom selected from oxygen and nitrogen, 

n represents an integer of from 1 to 6 inclusive, 
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to their enantiomers, diastereoisomers, N-oxide, and to addition salts thereof with a 
pharmaceutically acceptable acid or base, 

wherein "aryl" is to be understood as meaning a phenyl, naphthyl, dihydronaphthyl, 
tetrahydronaphthyl, indenyl or indanyl group, each of those groups being optionally 
5 substituted by one or more identical or different groups selected from halogen, linear or 
branched (Ci-C6)alkyl, linear or branched (Ci-C6)trihaloalkyl, hydroxy, linear or branched 
(Ci-C6)alkoxy, and amino optionally substituted by one or two linear or branched 
(Ci-C6)alkyl groups. 

Among the pharmaceutically acceptable acids there may be mentioned, without implying 
10 any limitation, hydrochloric, hydrobromic, sulphuric, phosphonic, acetic, trifluoroacetic, 
lactic, pyruvic, malonic, succinic, glutaric, fumaric, tartaric, maleic, citric, ascorbic, 
methanesulphonic and camphoric acid etc. . . 

Among the pharmaceutically acceptable bases there may be mentioned, without implying 
any limitation, sodium hydroxide, potassium hydroxide, triethylamine, etc. 

15 Preferred compounds of the invention are the compounds of formula (I) corresponding 
more especially to formula (lA) : 




wherein Ri, R2, R3, R4, Wi, Z and n are as defined for formula (I). 

According to a second advantageous embodiment, preferred compounds of the invention 
20 are compounds of formula (I) corresponding more especially to formula (IB) : 
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wherein Ri, R2, R3, R4, Z and n are as defined hereinbefore. 

According to a third advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) corresponding more especially to formula (IC) : 



5 




wherein Ri, R2, R3, R4, Z and n are as defined hereinbefore. 

In one embodiment of interest, the group Z preferred in accordance with the invention is 
the hydrogen atom. 

In another embodiment of interest, the group Ri preferred in accordance with the invention 
10 is the hydrogen atom and the group -C(0)-R5 wherein R5 represents more especially a 
hydrogen atom. 

Advantageously, the group R2 preferred in accordance with the invention is the hydrogen 
atom and the group -CH2CH2O-R8 wherein Rg represents more especially a hydrogen 
atom. 




5 



Very advantageously, preferred compounds of the invention are those wherein n represents 
the integer 2. 

Especially advantageously, the groups R3 and R4 preferred in accordance with the 
invention, which may be identical or different, each represents independently of the other a 
linear or branched (Ci-C6)alkyl group. 

Compounds preferred in accordance with the invention are : 

• 2-[2-(dimethylamino)ethyl]-5-hydroxybenzo[a]pyrrolo[3,4-c]phenoxazine-l,3-dione, 

• 2-[2-(diethylamino)ethyl]-5-hydroxybenzo[a]pyrrolo[3,4-c]phenoxazine-l,3-dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)-2,3-dihydrobenzo[a]pyrrolo[3,4-c]- 
phenoxazine-8-carbaldehyde- 1 ,3-dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo[a]pyrrolo[3,4-c]phenoxazine- 
1,3-dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethylmethanesulphonate)benzo[a]pyrrolo- 
[3 ,4-c]phenoxazine-l ,3-dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo[e]pyrido[2*,3':5,6][l,4]- 
oxazino[3,2-g]isoindole- 1 ,3-dione. 

The enantiomers, diastereoisomers, N-oxides, and addition salts with a phannaceutically 
acceptable acid or base, of the preferred compounds form an integral part of the invention. 

The invention extends also to a process for the preparation of compoimds of formula (I), 
which is characterised in that there is used as starting material a compound of formula (II) : 




wherein Wi and Z are as defined for formula (I), 

the amine function of which compound of formula (II) is protected by a protecting group 
Pg well known to the person skilled in the art to yield a compound of formula (III) : 
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wherein Pg represents a tert-butoxycarbonyl or phenoxycarbonyl group and Wi and Z are 
as defined hereinbefore, 

which compound of formula (III) is treated with lithium diisopropylamide followed by 
diphenyl chlorophosphate to yield a compound of formula (IV) : 




wherein Pg, Wi and Z are as defined hereinbefore, 

which compound of formula (IV) is treated, in the presence of bis(triphenyl- 
phosphine)palladium chloride, with a compovmd of formula (V) : 




to yield a compound of formula (VI) : 




wherein Pq, Wi and Z are as defined hereinbefore, 
which compound of formula (VI) is : 

• either treated under an inert atmosphere with dimethyl acetylenedicarboxylate to 
yield a compound of formula (VII) : 
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COOMe 




COOMe 



wherein Pq, Wi and Z are as defined hereinbefore, 
which compound of formula (VII) is : 



(vn) 



♦ either treated with N-bromosuccinimide and benzoyl peroxide to yield a compound 
of formula (VIII) : 

COOMe 

,COOMe 



(vm) 




wherein Pg, Wi and Z are as defined hereinbefore, 

which compound of formula (VIII) is subjected to the action of hydrochloric acid to yield a 
compound of formula (IX) : 

:OOMe 

-COOMe 

(IX) 




10 wherein W| and Z are as defined hereinbefore, 

which compound of formula (IX) is subjected to the action of di-tert-butyl dicarbonate in 
the presence of 4-dimethylaminopyridine to yield a compound of formula (X) : 
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wherein represents a single or double bond, Boc represents a tert-butoxycarbonyl 

group and Wi and Z are as defined hereinbefore, 

which compound of formula (X) is subjected to the action of 2,3-dichloro-5,6-dicyano-l,4- 
benzoquinone to yield a compound of formula (XI) : 



COOMe 




wherein Boc, Wi and Z are as defined hereinbefore, 

which compound of formula (XI) is subjected to the action of sodium methanolate and is 
then hydrolysed to yield a compound of formula (XII) : 

COOMe 




(xn) 



wherein Boc, W| and Z are as defined hereinbefore, 

which compound of formula (XII) is subjected to the action of a compound of 
formula (XIII) : 

H^N— (CH2)„-N (Xm) 
R4 

wherein R3, R4 and n are as defined for formula (I), to yield a compound of formula (I/a), a 
particular case of the compounds of formula (I) : 




wherein Boc, R3, R4, Wi, Z and n are as defined hereinbefore, 

which compound of formula (I/a) is optionally subjected to the same reaction conditions as 
the compound of formula (VIII) to yield a compound of formula (I/b), a particular case of 
the compounds of formula (I) : 




wherein R3, R4, Wi, Z and n are as defined hereinbefore, 

♦ or subjected to the same reaction conditions as the compound of formula (X) to 
yield a compound of formula (XIV) : 




(XIV) 



wherein Pg, Wi and Z are as defined hereinbefore, 

which compound of formula (XIV) is subjected to the same reaction conditions as the 
compound of formula (XII) to yield a compound of formula (I/c), a particular case of the 
compounds of formula (I) : 





wherein Pq, R3, R4, Wi, Z and n are as defined hereinbefore, 
which compound of formula (I/c) is : 

■ either optionally subjected to the action of formic acid to yield compounds of 
5 formulae (I/d) and (I/e), particular cases of the compoimds of formula (I) : 




(Vd) (I/e) 



wherein R3, R4, Wi, Z and n are as defined hereinbefore. 



■ or optionally subjected to the action of a compound of formula (XV) : 

Rg— G (XV) 

wherein G represents a leaving group and Rga, which is other than a hydrogen 
atom, has the same definition as Rg in formula (I), to yield a compound of 
formula (I/f), a particular case of the compounds of formula (I): 
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10 



/ 



/CH,)„-N 




wherein Pq, R3, R4, Rsa, Wi, Z and n are as defined hereinbefore, 

the amine function of which compounds of formula (I/f) is optionally deprotected 
according to conventional methods of organic synthesis to yield a compoxmd of 
formula (I/g), a particular case of the compounds of formula (I) : 

/CH,)„— N 




(I/g) 



wherein R3, R4, Rsa, Wi, Z and n are as defined hereinbefore, 

the compounds of formulae (I/b), (Vd) and (I/g) constituting the compoimds of 
formula (I/h) : 

.R3 




/CH,)„— / 



R4 



(I/h) 



wherein R2, R3, R4, Wi, Z and n are as defined hereinbefore. 




which compounds of formula (I/h) are optionally subjected to the action of a compound of 
fomiula (XVI) : 

R,— G (XVI) 

wherein Ria, which is other than a hydrogen atom, has the same definition as Ri in 
formula (I) and G is as defined hereinbefore, to yield a compound of formula (I/i), a 
particular case of the compounds of formula (I) : 




wherein Ria, R2, R3, R4, Wi, Z and n are as defined hereinbefore, 

• or treated with N-methylmaleimide to yield a compoimd of formula (XVII) : 




(xvn) 



wherein Pg, Wi and Z are as defined hereinbefore, 

which compound of formula (XVII) is subjected to the same reaction conditions as the 
compound of formula (VII) to yield a compound of formula (XVIII) : 




wherein Pg, Wi and Z are as defined hereinbefore, which compound of formula (XVIII) is 
subjected to the same reaction conditions as the compound of formula (XII) to yield a 
compound of formula (I/d) as described hereinbefore, 

5 the compounds of formulae (I/a) to (I/i) constituting the totality of the compoxmds of 
formula (I), which compounds are, if appropriate, purified according to conventional 
purification techniques, may, if desired, be separated into their different isomers according 
to a conventional separation technique and are, if desired, converted into addition salts with 
a pharmaceutically acceptable acid or base. 

10 The invention relates also to compounds of formula (X), (XI) and (XIV), which are 
synthesis intermediates for use in the preparation of the compounds of formula (J), 

The compoimds of formulae (II), (V), (XIII), (XV) and (XVI) are either commercially 
available compounds, or are compoimds obtained according to conventional methods of 
organic synthesis readily accessible to the person skilled in the art. 

15 The compounds of formula (I) have valuable pharmacological properties. They have an 
excellent in vitro cytotoxicity not only on leukaemia cell lines but also on solid tumour 
lines, and also have an action on the cell cycle and are active in vivo^ on a leukaemia 
model. Those properties enable them to be used therapeutically as anti-tumour agents. 



20 



The present invention relates also to pharmaceutical compositions comprising the products 
of formula (I), optical isomers thereof or one of the pharmaceutically acceptable addition 
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salts thereof with a base or an acid, on its own or in combination with one or more inert, 
non-toxic excipients or carriers. 

Among the pharmaceutical compositions according to the invention there may be 
mentioned more especially those which are suitable for oral, parenteral, nasal, rectal, 
perlingual, ocular or respiratory administration, and especially tablets or dragees, 
sublingual tablets, sachets, paquets, gelatin capsules, glossettes, lozenges, suppositories, 
creams, ointments, dermal gels, injectable or drinkable preparations, aerosols, eye drops or 
nose drops. 

In view of the pharmacological properties characteristic of the compounds of formula (I), 
the pharmaceutical compositions comprising the said compounds of formula (I) as active 
ingredient are thus especially useful in the treatment of cancers. 

The useful dosage varies in accordance with the age and weight of the patient, the 
administration route, the nature of the therapeutic indication and of any associated 
treatments and ranges from 0.1 to 400 mg per day in one or more administrations. 

The following Examples illustrate the invention but do not limit it in any way. The starting 
materials employed are known products or products prepared according to known 
procedures. 

The stmctures of the compounds described in the Examples were determined according to 
customary spectrophotometric techniques (infrared, nuclear magnetic resonance, mass 
spectrometry...). 

PREPARATION A : tert-Butyl 3-[(diphenoxyphosphoryI)oxyl-4/y.l,4-benzoxazine-4- 

carboxylate 

Step A : tert'Butyl 2,3'dihydrO'4H-l,4-benzoxazin''3-one-4-carboxylate 

Under an inert atmosphere, 73 mmol of 2//-l,4-benzoxazin-3-one are dissolved in 100 ml 
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of acetonitrile in the presence of 3.65 mmol of 4-dimethylaminopyridine and 80 mmol of 
di-tert-butyl dicarbonate. The mixture is stirred for 4 hours. After concentration, the 
residue is taken up in ethyl acetate. The organic phase is washed with a saturated sodium 
chloride solution, dried over magnesium sulphate, filtered and concentrated. After 
5 evaporation of the solvent and purification by chromatography on silica gel (petroleum 
ether/ethyl acetate : 8/2), the expected product is isolated. 
Melting point : 72°C. 

IRfKBrt : vc=o = 1713, 1779 cm*^ ; vcoc = 1 148 cm^^ 
Mass spectrum : m/z 250 (M + 1). 

10 StevB : tert-Butyl 3'[(diphenoxyphosphoryl)oxy]'4H-l,4'benzoxazine-4-carboxylate 

Under an anhydrous atmosphere, 12 mmol of TMEDA are added to a solution of 10 mmol 
of the product obtained in the above Step A in 50 ml of anhydrous THF. After having 
cooled the solution to -78°C, 12 mmol of 2M LDA (in a heptane /THF solution) are added 
dropwise. After stirring for 2 hours, 12 mmol of diphenyl chlorophosphate are added 

15 dropwise to the reaction mixture, which is maintained at ~78°C for a fiuther 2 hours. After 
returning to ambient temperature, the solution is hydrolysed and then extracted with ethyl 
acetate. The organic phase is dried over magnesium sulphate, filtered and concentrated. 
After purification of the residue by chromatography on silica gel (petroleum ether/ethyl 
acetate : 9/1), the expected product is isolated. 

20 Mehing point : 64''C. 

IRfKBr^ : vc=o = 1732 cm"^ ; vp=o 1313 cm"'. 
Mass spectrum : m/z 482 (M -f 1). 

PREPARATION B : Phenyl 3-[(diphenoxyphosphoryl)oxy]-2,3-dihydro-4jH-pyrido- 

[392-b][l,4]oxazine-4-carboxylate 

25 Step A : Phenyl 2,3'dihydro-4H-pyrido[3,2'b] [l,4]oxazin'3'One'4'Carboxylate 

Under an anhydrous atmosphere, a solution of 10 mmol of 2//-pyrido[3,2-b][l,4]oxazin-3- 
one in 50 ml of tetrahydrofiiran is cooled to -78®C. At that temperature, 1 1 mmol of a 
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1.6M solution of w-butyllithixim in hexane are added dropwise. After 30 minutes' contact at 
-78°C, 1 1 mmol of phenyl chlorofomiate are added dropwise and stirring is maintained for 
a fiirther 2 hours. After returning to ambient temperature, the solution is hydrolysed and 
then extracted with ethyl acetate. The organic phase is dried over magnesium sulphate, 
5 filtered and evaporated. After purification by chromatography on silica gel (petroleum 
ether/ethyl acetate : 8/2), the expected product is isolated. 
Melting point : 9TC, 
IRfKBr) : vc=o = 1717 cm'' ; 1803 cm-'. 
Mass spectrum : m/z 271 (M + 1). 

1 0 StevB : Phenyl 3-[(diphenoxyphosphoryl)oxy]'4H-pyrido[ 3, 2-h][l, 4]oxazine-4- 
carboxylate 

The expected product is obtained in accordance with the procedure described in Step B of 
Preparation A starting from the compound of the above Step. 
Melting point : 82°C. 
15 IR(KBr) : vc=o = 1749 cm"' ; vp=o 1294 cm^^ 
Mass spectrum : m/z 503 (M + 1). 

PREPARATION C : 8-(PmacolboronyI)-l,4-clioxaspiro[4.5]dec-7-ene 

Step A : 8'(Trifluoromethyl)sulphonyloxy-],4'dioxaspirof4.5]dec-7-ene 

Under an anhydrous atmosphere, a 2M solution of 6.4 mmol of LDA in a mixture of 
20 THF/heptane is diluted with 8 ml of THF. The temperature is lowered to -78^*0 and then 

6.4 mmol of l,4-dioxaspiro[4.5]decan-8-one dissolved in 8 ml of THF are slowly added. 

The reaction mixture is stirred for 2 hours at that temperature and 9.6 mmol of 

N-phenyltrifluoromethanesulphonimide dissolved in 8 ml of THF are added. After stirring 

for 15 minutes at -78°C and then returning to ambient temperature for a night, the mixture 
25 is concentrated. After purification on neutral alumina gel (petroleum ether/ethyl acetate : 

95/5), the expected product is isolated, 

IR fNaCl film) : vc<: = 1692 cm'^ ; vso2 = 1418 cm 
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Step B : 8-(Pinacolboronyl)'l ,4-dioxaspiro[4.5] dec'7'ene 

Under an inert atmosphere, 0,7 mmol of the product obtained in the above Step A, 
1.05 mmol of pinacolborane, 0.028 mmol of bis(triphenylphosphine)palladium(n) chloride, 
0.084 mmol of triphenylarsine and 2.1 mmol of triethylamine are mixed in 3 ml of toluene 
5 and then heated at SO^'C for 2 hours. After cooling, the residue is taken up in ethyl acetate 
and washed with a saturated sodium chloride solution. The organic phase is dried over 
magnesiimi sulphate, filtered and concentrated. After purification of the residue by 
chromatography on silica gel (petroleum ether/ethyl acetate : 9/1), the expected product is 
isolated. 
10 Melting point : 58°C. 

IRfKBrt : vc=c = 1635 cm"* ; vcoc= 1115, 1143 cm ^ 
Mass spectrum : m/z 267 (M + 1). 

EXAMPLE 1 : 8-(tert-Butoxycarbonyl)-2-[2-(dimethyIamino)ethyl]-5-hydroxy-2,3- 
dihydrobenzo[a]pyrrolo[3,4-clphenoxaziiie-l^-dione 

15 Step A : tert-Butyl 3'(l,4-dioxaspirof4.5Jdec-7'en-8-yl)-4H-lJ'benzoxazine 
carboxylate 

Under an inert atmosphere, a IM solution of 1 mmol of the product of Preparation A and 
5 % bis(triphenylphosphine)palladium(II) chloride in tetrahydrofuran is stirred for 
10 minutes at ambient temperature. 1.5 nunol of the product of Preparation C, a few drops 

20 of ethanol and 2 mmol of a 2M aqueous sodium carbonate solution are added to the 
reaction mixture, which is then refluxed for one hour. After cooling and hydrolysis, the 
solution is extracted with ethyl acetate. The organic phase is dried over magnesium 
sulphate, filtered and concentrated. After purification by chromatography on silica gel 
(petroleum ether/ethyl acetate : 6/4), the expected product is isolated. 

25 Melting point : 92-93°C. 

mjKBri:vc=o=1711cm*^ ;vcoc= 1113, 1163 cm"\ 
Mass spectrum : m/z 372 (M + 1). 




StenB : Dimethyl 12'(tert'butoxycarbonyl)-3,3-(l,2-ethylenedioxy)'l,2J,4,4a,6a- 
hexahydro-12H-benzo[a]phenoxazine-5,6'dicarboxylate 

In a closed system, 8 mmol of the product obtained in the above Step A and 40 mmol of 
dimethyl acetylenedicarboxylate are stirred at 80°C for 22 hours. After purification by 
5 chromatography on silica gel (petroleum ether/ethyl acetate : 7/3), the expected product is 
isolated. 

Melting point : 234-235°C. 

IR(KBr^ : vc^ = 1728 cm"^ ; vcoc= 1 152 cm"^ 

Mass spectrum : m/z 514 (M + 1). 

10 Step C : Dimethyl 12'(tert'butoxycarbonyl)'3J'(l,2-ethyleriedioxy)'l,2,3,4-tetrahydro- 
12H'benzo[a]phenoxazine'5,6-dicarboxylate 

Under an inert atmosphere, 0.92 mmol of the product obtained in the above Step B and 
2.75 mmol of recrystallised N-bromosuccinimide in 23 ml of distilled carbon tetrachloride 
are heated at reflux for 10 minutes, using a 60 W lamp, in the presence of a catalytic 
15 amoimt of benzoyl peroxide. After cooling, the solution is filtered and then concentrated. 
After purification by chromatography on silica gel (petroleum ether/ethyl acetate : 6/4), the 
expected product is isolated. 
Melting point : < 50°C. 

IRrKBr) : vc=o= 1701, 1717, 1733 cm"^ ; vcoc= 1152, 1195 cm~^ 
20 Mass spectrum : m/z 512 fM + W 

StevD : Dimethyl 3'OXO-l,3AJ2'tetrahydro-2H-benzo[a]phenoxazine'5,6'dicarboxylate 

3 ml of 12M hydrochloric acid are added dropwise to 0.6 mmol of the product obtained in 
the above Step C dissolved in 3 ml of ethanol. The mixture is stirred for 1.5 hours at 
ambient temperature. After neutralisation with a saturated sodium hydrogen carbonate 
25 solution and extraction with ethyl acetate, the organic phase is dried over magnesium 
sulphate, filtered and concentrated. After purification by chromatography on silica gel 




(petroleum ether/ethyl acetate : 5/5 to 0/10), the expected product is isolated. 
Melting point : 250-25 1°C. 

IR(KBr) : vc=o = 1695, 1720 cm'^ ; Vnh= 3430 cm"*. 
Mass spectrum : m/z 366 (M + 1). 

5 Step E : Dimethyl 1 2-(tert'butoxycarbonyl)-3'f(tert'butoxycarbonyl)oxyJ'1 ,2-dihydrO' 
12H'benzo[ aJphenoxazine-S, 6-dicarboxylate 

Under an inert atmosphere, 0.69 mmol of the compound obtained in the above Step D is 
dissolved in 10 ml of tetrahydrofuran. After the addition of 1.73 mmol of 4-dimethyl- 
aminopyridine and 1.73 mmol of di-tert-butyl dicarbonate, the mixture is stirred for 
10 12 hours. After concentration, the residue is taken up in ethyl acetate and washed twice 
with a IM hydrochloric acid solution. The organic phase is dried over magnesium sulphate, 
filtered and concentrated, allowing the expected product to be obtained. 
IR (NaCl film) : vc=o = 1728, 1756 cm'^ ; vcoc= 1139 cm"^ 
Mass spectrum : m/z 568 (M + 1). 

15 Step F : Dimethyl 12'(tert'butoxycarbonyl)-3-[(tert-butoxycarbonyl)oxy]-12H- 
benzof aJphenoxazine-S, d-dicarboxylate 

Under an inert atmosphere, 0.62 mmol of the compound obtained in the above Step E is 
dissolved in 5 ml of toluene in the presence of 4.96 mmol of 2,3-dichlo^o-5,6-dicyano-l,4- 
benzoquinone and the mixture is heated at 90®C for 24 hours. After cooling and 

20 concentration, the reaction mixture is taken up in dichloromethane and washed with an 8 % 
sodium hydroxide solution. The aqueous phase is extracted with dichloromethane and the 
organic phases are combined, dried over magnesium sulphate, filtered and concentrated. 
After purification by chromatography on silica gel (petroleum ether/ethyl acetate : 7/3), the 
expected product is isolated. 

25 Melting point : 101-102°C. 

IR(KBr) : vc=o= 1731, 1739, 1756, 1766 cm"' ; vcoc= 1149 cm*^ 
Mass spectrum : m/z 566 (M + 1). 
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Step G : Dimethyl 12'(tert-butoxycarbonyl)-3'hydroxy-12H-benzo[a]phenoxazine'5,6- 
dicarboxylate 



Under an inert atmosphere, 0.28 mmol of the compound obtained in the above Step F is 
dissolved in 2 ml of methanol in the presence of 0.34 mmol of sodium methanolate. The 
mixture is stirred at ambient temperature for 12 hours. After concentration and hydrolysis, 
the mixture is extracted with ethyl acetate, dried over magnesium sulphate, filtered and 
evaporated. After purification by chromatography on silica gel (petroleum ether/ethyl 
acetate : 7/3), the expected product is isolated. 
Melting point : 90-9 PC (decomposition). 

IRfKBr) : vc=o = 1722 cm'^ ; vcoc = 1 152 cm'^ ; vqh = 3442 cm'^ 
Mass spectrum : m/z 466 (M + 1). 



StevH : 8'(tert-Butoxycarbonyl)-2-[2'(dimethylamino)ethyl]'5'hydroxy-2, 3- 
dihydrobenzofajpyrrolof 5, 4-c]phenoxazine'l, S-dione . 



Under an inert atmosphere, 0.26 mmol of the compound obtained in the above Step G is 
heated at 100*^C in 4 ml of N,N-dimethylethylenediamine for 7 hours. After cooling, the 
excess of diamine is evaporated off. After purification by chromatography on silica gel 
(dichloromethane/methanol : 95/5), the expected product is isolated. 
Melting point : 190°C (degradation). 

IR(KBr^ : vc=o = 1705, 1762 cm'^ ; vco= 1249 cm"^ ; voh= 3446 cm'K 
Mass spectrum : m/z 490.5 (M + 1). 



EXAMPLE 2 ; 2-[2-(Dimethylamino)ethyl]-5-hydroxybenzo[a]pyrrolo[3,4- 
c]phenoxazine-13-dione hydrochloride 

3 ml of 12M hydrochloric acid are added dropwise to 0.2 mmol of the compound of 
Example 1 dissolved in 4 ml of ethanol. The reaction mixture is stirred for 1.5 hours at 
ambient temperature and then concentrated. By addition of ethyl ether, a precipitate is 
formed which is filtered off, allowing the expected product to be obtained. 
IR(KBr) : vc=o = 1686, 1744 cm"^ ; vnh,oh= 3431 cm'\ 
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Mass spectrum : m/z 390 (M + 1). 

EXAMPLE 3 : 8-(tert-Butoxycarbonyl)-2-[2-(dimethyIammo)ethyl]-5-(2-hydroxy- 
ethoxy)-2,3-dihydrobenzo[a]pyrrolo[3,4-clphenoxazine-l,3-dione 

Step A : Dimethyl 12-(tert-butoxycarbonyl)-3'(2'hydroxyethoxyyi2H- 
benzo[a]phenoxazine-5, 6-dicarboxylate 

The expected product is obtained in accordance with the procedure described in Step F of 

Example 1 starting from the compound of Step B of Example 1. 

Melting point : 87-88''C. 

IR(KBr) : vc=o = 1725cm"^ ; voh= 3440 cm'^ 

Mass spectrum : m/z 510 (M + 1). 

Step B : 8'(tert'Butoxycarbonyl)-2-[2-(dimethylamino)ethyl]-5-(2-hydroxyetho:^^ 
dihydrobenzof aJpyrrolofS, 4-cJphenoxazine'l , S-dione 

The expected product is obtained in accordance with the procedure described in Step H of 

Example 1 starting from the compound of the above Step A. 

Melting point : > 80°C (degradation). 

IR(KBr) : vc=o = 1707, 1763 cm'^ ; voh= 3447 cm\ 

Mass spectrum : m/z 534 (M + 1). 

EXAMPLE 4 ; 8-(tert-Butoxycarbonyl)-2-[2-(dimethylamino)ethyl]-5-{2- 

[(methyIsulphonyl)oxy]ethoxy}-2,3-dihydrobenzola]pyrrolo- 
[3,4-c]phenoxazine-l,3-dione 

Under an inert atmosphere, 0.93 mmol of triethylamine and then 0.93 mmol of mesyl 
chloride are added to a solution of 0.06 mmol of the compound of Example 3 in 3 ml of 
dichloromethane at 0°C. Stirring is maintained at O^C for 8 hours. At ambient temperature, 
the solution is hydrolysed and then extracted with dichloromethane. The organic phase is 
dried over magnesium sulphate, filtered and concentrated. After purification by 



22 

chromatography on silica gel (dichloromethane/methanol : 95/5), the expected product is 
isolated. 

Melting point : 70-80°C (gum). 
IR(KBr) : vc=o = 1707, 1763 cm^^ 
Mass spectrum : m/z 612 (M + 1). 

EXAMPLE 5 ; 2-[2-(Dimethylamino)ethyl]-5-{2-I(methylsulphonyl)oxy]ethoxy}- 
l,2;3,8-tetrahydrobenzo[a]pyrrolo[3,4-clphenoxazine-l,3-dioiie 

0.03 mmol of the compoimd of Example 4 is dissolved in 1 ml of formic acid and stirred at 
ambient temperature for 3 hours. After concentration, the residue is taken up in 
dichloromethane and washed with a 2M sodium carbonate solution and then with water. 
The organic phases are combined, dried over magnesium sulphate, filtered and 
concentrated. After purification by chromatography on silica gel (dichloromethane/- 
methanol : 9/1), the expected product is isolated. 
IR(KBr^ : Vc=o = 1686, 1702 cm"* ; vnh = 3432 cm"^ 
Mass spectrum : m/z 512 (M + 1). 

EXAMPLE 6 ; 2-[2-(DimethyIamino)ethyll-5-(2-hydroxyethoxy)benzo- 
[a]pyrroIo[3,4-c]phenoxazine-l,3-dione 

The expected product is obtained according to the procedure of Example 5 starting from 
the compound of Example 3. 
Melting point : 216°C (gum). 

IR(KBr) : vc=o = 1690, 1741 cm** ; vnh = 3427 cm\ 
Mass spectrum : m/z 434 (M + 1). 

EXAMPLE 7 ; 8-(Formyl)-2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)- 
benzo[a]pyrrolo[3,4-c]phenoxazine-l»3-dione 

The expected product is obtained in the course of the purification by chromatography on 
silica gel of Example 6. 
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Melting point : 202°C. 

IR(KBrt : Vc=o = 1693, 1732 cm'^ ; vnh = 3428 cm\ 
Mass spectrum : m/z 462 (M + 1). 

EXAMPLE 8 ; 8-(Phenoxycarbonyl)-5-(2-hyclroxyethoxy)-2-methyl-2,3- 

dihydrobenzo [e] py ri do [2*,3 * :5,6] [1 ,4] oxazino[3,2-g] isoindoIe-1 ,3- 
dione 

Step A : Phenyl 3-(J, 4'dioxaspiro[4, 5] dec- 7'en-8-yl)-4H-pyrido[3, 2-bJfJ, 4]oxazine'4' 
carboxylate 

The expected product is obtained according to the procedure of Step A of Example 1 
starting from the compound of Preparation B. 
IR(KBr) : vc^ = 1741 cm"^ ; vcoc = 1 1 1 1, 1 197 cm*^ 
Mass spectrum : m/z 393 (M + 1). 

StevB : 8-(Phenoxycarbonyl)-5,5'(lJ'ethylenedioxy)-2'methyl'2,3,3a^ 7, 

13a, 13b-decahydrobenzo[ e]pyrido[2\ 3 ';5, 6][1, 4Joxazinof3,2-gJisoindole'l , 3- 
dione 

In a closed system, 1 mmol of the product obtained in the above Step A and 3 mmol of 
N-methylmaleimide are stirred at 95'^C for 2 hours in the presence of a few drops of 
toluene. After purification by chromatography on silica gel (petroleum ether/ethyl acetate : 
6/4), the product is isolated. 
Melting point : 150^C (gum). 
IRfKBr) : vc=o = 1701, 1786 cm\ 
Mass spectrum : m/z 504 (M + 1). 

Step C : 8'(Phenoxycarbonyl)'5'(2'hydroxyethoxy)-2'methyl'2, 3'dihydrobenzO' 
[ e]pyrido[2 \ 3 *:5, 6] [1, 4]oxazino[3, 2-gJisoindole'l, 3'dione 

The expected product is obtained in accordance with the procedure described in Step C of 
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Example 1 starting from the compound of the above Step B. 
Melting point : 250°C (gum). 

IR(KBr) : Vc=o = 1707, 1752 cm'^ ; vcoc = 1 191 cm"^ ; Vqh = 3463 cm ^ 
Mass spectrum : m/z 498 (M + 1). 

EXAMPLE 9 : 2-[2-(Dimethylamino)ethyIl-5-(2-hydroxyethoxy)beiizo[e]pyrido- 
[2'^':5,61Il,41oxazmo[3,2.g]isoindole-l^-dione 

The expected product is obtained in accordance with the procedure described in Step H of 
Example 1 starting from the compound of Example 8. 

Mass spectrum : m/z 435 (M + 1). 

EXAMPLE 10 : 8-(tert-Butoxycarbonyl)-2-[2-(diethylamino)ethyl]-5-hydroxy-2,3- 
dihydrobenzo[alpyrrolo[3,4-c]phenoxazine-l,3-dione 

The expected product is obtained in accordance with the procedure described in Step H of 
Example 1 starting from the compound of Step G of Example 1 and N,N-diethylethylene- 
diamine. 

EXAMPLE 11 ; 2-[2-(Diethylaiiiino)ethyll-5-hydroxybenzo[alpyrrolo[3,4-cl- 
phenoxazine-1 ,3-dione 

The expected product is obtained in accordance with the procedure of Example 2 starting 
from the compound of Example 10. 

PHARMACOLOGICAL STUDY OF THE COMPOUNDS OF THE INVENTION 
EXAMPLE 12 : In vitro activity 

^ L1210 murine leukaemia 
L1210 murine leukaemia was used in vitro. The cells are cultured in RPMI 1640 complete 
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culture medium containing 10% foetal calf serum, 2mM glutamine, 50 units/ml of 
penicillin, 50 |ig/ml of streptomycin and lOmM Hepes, pH = 7.4. The cells are distributed 
on microplates and are exposed to the cytotoxic compounds for 4 doubling periods, or 
48 hours. The number of viable cells is then quantified by a colorimetric assay, the 
Microculture Tetrazolium Assay (J, Carmichael et al.. Cancer Res. : 47, 939-942 (1987)). 
The results are expressed as the IC50, the concentration of cytotoxic agent that inhibits the 
proliferation of the treated cells by 50 %. All the compounds of the invention exhibit good 
cytotoxicity with respect to this cell line. 

^ Human cell lines 

The compounds of the invention were also tested on human cell lines originating fi-om 
soHd tumours, in accordance with the same test protocol as that described for L1210 
murine leukaemia but with incubation periods of 4 days instead of 2 days. By way of 
5 illustration, the compound of Example 2 has an IC50 of less than l^iM with respect to the 
following cell Imes: DU145 prostate carcinoma, A549 non-small-cell lung carcinoma, 
HT-29 colon carcinoma and KB-3-1 epidermoid carcinoma. 

Those different results clearly demonstrate the strong anti-tumour potential of the 
compounds of the invention with respect to leukaemias and solid tumours. 

i 10 EXAMPLE 13 : Action on the cell cycle 

LI 2 10 cells are incubated for 21 hours at 37°C in the presence of various concentrations of 
test compounds. The cells are then fixed by 70 % (v/v) ethanol, washed twice in PBS and 
incubated for 30 minutes at 20°C in PBS that contains 100 fig/ml of RNAse and 50 )j.g/ml 
of propidium iodide. The results are expressed in terms of the percentage of cells that have 
accumulated in the G2+M phase after 21 hours, compared with the control (control: 20 %). 
The compounds of the invention are of special interest; at a concentration of less than 
2,5nM they induce accumulation of at least 80 % of cells in the G2+M phase after 
21 hours. 
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EXAMPLE 14 : In vivo activity 
Anti-tumour activity on P 388 leukaemia 

Line P388 (murine leukaemia) was supplied by the National Cancer Institute (Frederick, 
USA). The tumour cells (10^ cells) were inoculated on day 0 into the peritoneal cavity of 
female B6D2F1 mice (Iffa Credo, France). Six mice weighing from 18 to 20 g were used 
per test group. The products were administered by the intraperitoneal route on day 1. 

The anti-tumour activity is expressed as % T/C : 

Median survival time of the treated animals 

% T/C (mouse) = x 100 

Median survival time of the control animals 

The results obtained show excellent in vivo activity in the P 388 leukaemia model, with a 
T/C of 210 % for a dose of 50 mg/kg, along with low toxicity of the compounds, indicating 
an excellent therapeutic index. 

EXAMPLE 15 ; Pharmaceutical composition : injectable solution 



Compound of Example 2 

Distilled water for injectable preparations 



10 mg 
25 ml 
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CLAIMS 

1. Compounds of formula (I) : 




wherein : 

• Wi represents, with the carbon atoms to which it is attached, a phenyl group or a 
pyridyl group, 

• Z represents a group selected from hydrogen, halogen, and the groups linear or 
branched (Ci-C6)alkyl, aryl, aryl-(Ci-C6)alkyI in which the alkyl moiety may be linear 
or branched, aryloxy, aryl-(Ci-C6)alkoxy in which the alkoxy moiety may be linear or 
branched, hydroxy and linear or branched (Ci-C6)alkoxy, 

• Ri represents a group selected from hydrogen and the groups linear or branched 
(CrC6)alkyl, aryl, aryl-(Ci-C6)alkyl in which the alkyl moiety may be linear or 
branched, and -C(0)-R5, or a linear or branched (Ci-C6)alkylene chain, substituted by 
one or more identical or different groups selected from halogen and the groups cyano, 
-OR6, -NR6R7, -CO2R6, -C(0)R6 and -C(0)-NHR6, 

wherein: 

R5 represents a group selected from hydrogen and the groups linear or branched 
(Ci-C6)alkyl, hydroxy, linear or branched (Ci-C6)alkoxy, aryl, aryl-(Ci-C6)alkyl 
in which the alkyl moiety may be linear or branched and aryloxy, 
R6 and R7, which may be identical or different, each represents a group selected 
from hydrogen and the groups linear or branched (Ci-C6)alkyl, aryl and aryl- 
(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, or 
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Ra + R7 together form, with the nitrogen atom carrying them, a monocycUc 
heterocycle having 5 or 6 ring members and optionally containing in the ring 
system a second hetero atom selected from oxygen and nitrogen, 

• R2 represents a hydrogen atom or a group of formula -CH2CH2O-R8 wherein : 

Rg represents a group selected from hydrogen and the groups linear or branched 
(Ci-C6)alkyl, aryl, aryl-(Ci-C6)alkyl in which the alkyl moiety may be linear or 
branched, -S(0)t-R6 (wherein Re is as defined hereinbefore and t represents an integer 
of from 0 to 2 inclusive) and T1-R9 (wherein Ti represents a linear or branched 
(Ci-C6)alkylene chain and R9 represents a group selected from halogen, cyano, -ORe, 
-NR6R7, -C(0)H, -C(0)0R6 and -C(0)NR6R7), 

• R3 and R4, which may be identical or different, each represents, independently of the 
other, a group selected from hydrogen and the groups linear or branched (Ci-C6)alkyl, 
aryl and aryl-(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, or 

R3 and R4 together form, with the nitrogen atom carrying them, a monocycUc 
heterocycle having 5 or 6 ring members and optionally containing in the ring system a 
second hetero atom selected from oxygen and nitrogen, 

• n represents an integer of from 1 to 6 inclusive, 

their enantiomers, diastereoisomers, N-oxide, and addition salts thereof with a pharma- 
ceutically acceptable acid or base, 

wherein "aryl" is to be understood as meaning a phenyl, naphthyl, dihydronaphthyl, 
tetrahydronaphthyl, indenyl or indanyl group, each of those groups being optionally 
substituted by one or more identical or different groups selected from halogen, linear 
or branched (Ci-C6)alkyl, linear or branched (CrC6)trihaloalkyl, hydroxy, linear or 
branched (Ci-C6)alkoxy, and amino optionally substituted by one or two linear or 
branched (Ci-C6)alkyl groups. 



2, Compound of formula (I) according to claim 1, characterised in that they represent 
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compounds of formula (lA) : 




wherein Ri, R2, R3, R4, Wi, Z and n are as defined for formula (I), their enantiomers, 
diastereoisomers, N-oxide, and addition salts thereof with a pharmaceutically 
acceptable acid or base. 

Compounds of formula (I) according to either claim 1 or claim 2, characterised in that 
they represent compoimds of formula (IB) : 




wherein Ri, R2, R3, R4, Z and n are as defined hereinbefore, their enantiomers, 
diastereoisomers, N-oxide, and addition salts thereof with a pharmaceutically 
acceptable acid or base. 



Compounds of formula (I) according to either claim 1 or claim 2, characterised in that 
they represent compounds of formula (IC) : 




wherein Ri, R2, R3, R4, Z and n are as defined hereinbefore, their enantiomers, 
diastereoisomers, N-oxide, and addition salts thereof with a pharmaceutically 
acceptable acid or base. 

5 5, Compounds of formula (I) according to any one of claims 1 to 4, characterised in that 
Z represents a hydrogen atom, their enantiomers, diastereoisomers, N-oxide, and 
addition salts thereof with a pharmaceutically acceptable acid or base. 



6. Compounds of formula (I) according to any one of claims 1 to 5, characterised in that 
Ri represents a hydrogen atom or a -C(0)-R5 group wherein R5 represents more 
10 especially a hydrogen atom, their enantiomers, diastereoisomers, N-oxide, and addition 

salts thereof with a pharmaceutically acceptable acid or base. 



7. Compounds of formula (I) according to any one of claims 1 to 6, characterised in that 
R2 represents a hydrogen atom or a -CH2CH2O-R8 group wherein Rg represents more 
especially a hydrogen atom, their enantiomers, diastereoisomers, N-oxide, and addition 

15 salts thereof with a pharmaceutically acceptable acid or base. 

8. Compounds of formula (I) according to any one of claims 1 to 7, characterised in that n 
represents an integer 2, their enantiomers, diastereoisomers, N-oxide, and addition salts 
thereof with a pharmaceutically acceptable acid or base. 



9. 
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Compounds of formula (I) according to any one of claims 1 to 8, characterised in that 
R3 and R4, which may be identical or different, each represents independently of the 
other a linear or branched (Ci-C6)alkyl group, their enantiomers, diastereoisomers. 
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N-oxide, and addition salts thereof with a pharmaceutically acceptable acid or base. 

10. Compounds of formula (I) according to claim 1 which are : 

• 2-[2-(dimethylamino)ethyl]-5-hydroxybenzo[a]pyrrolo[3,4-c]phenoxazine-l,3- 
dione, 

• 2-[2-(diethylamino)ethyl]-5-hydroxybenzo[a]pyrrolo[3,4-c]phenoxazine-l,3- 
dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)-2,3-dihydrobenzo[a]pyrrolo[3,4- 
c]phenoxazine-8-carbaldehyde- 1 ,3 -dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo[a]pyrrolo[3,4-c]- 
phenoxazine- 1 ,3-dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethylmethanesulphonate)- 
benzo[a]pyrrolo[3,4-c]phenoxazine-l,3-dione, 

• 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo[e]pyrido[2',3*:5,6][l,4]- 
oxazino[3 ,2-g]isoindole- 1 ,3-dione, 

their enantiomers, diastereoisomers, N-oxide, and addition salts thereof with a 
pharmaceutically acceptable acid or base. 

11. Process for the preparation of compoimds of formula (I) according to claim 1, 
characterised in that there is used as starting material a compoimd of formula (II) : 



wherein Wi and Z are as defined for formula (I), 

the amine function of which compound of formula (II) is protected by a protecting group 
Pg well known to the person skilled in the art to yield a compound of formula (III) : 




H 
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wherein Pg represents a tert-butoxycarbonyl or phenoxycarbonyl group and Wi and Z are 
as defined hereinbefore, 

which compound of formula (III) is treated with Uthium diisopropylamide followed by 
diphenyl chlorophosphate to yield a compound of formula (IV) : 




wherein Pg, Wi and Z are as defined hereinbefore, 

which compound of formula (IV) is treated, in the presence of bis(triphenyl- 
phosphine)palladium chloride, with a compound of formula (V) : 




10 to yield a compound of formula (VI) : 




wherein Pg, Wi and Z are as defined hereinbefore, 
which compound of formula (VI) is : 

• either treated under an inert atmosphere with dimethyl acetylenedicarboxylate to 
15 yield a compound of formula (VII) : 




wherein Pg, Wi and Z are as defined hereinbefore, 
which compound of formula (VII) is : 



♦ either treated with N-bromosuccinimide and benzoyl peroxide to yield a compound 




(vm) 



wherein Pg, Wi and Z are as defined hereinbefore, 

which compoimd of formula (VIII) is subjected to the action of hydrochloric acid to yield a 
compound of formula (IX) : 

COOMe 




wherein Wi and Z are as defined hereinbefore, 

which compound of formula (IX) is subjected to the action of di-tert-butyl dicarbonate 
in the presence of 4-dimethylaminopyridine to yield a compound of formula (X) : 
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wherein ::::::::::::::::: represents a single or double bond, Boc represents a tert-butoxycarbonyl 
group and Wi and Z are as defined hereinbefore, 

which compound of formula (X) is subjected to the action of 2,3-dichloro-5,6-dicyano-l,4- 
5 benzoquinone to yield a compound of formula (XI) : 

COOMe 




wherein Boc, Wi and Z are as defined hereinbefore, 

which compound of formula (XI) is subjected to the action of sodium methanolate and is 
then hydrolysed to yield a compound of formula (XII) : 




(xn) 



10 

wherein Boc, Wi and Z are as defined hereinbefore, 

which compound of formula (XII) is subjected to the action of a compound of 
formula (XIII) : 

H,N (CH2)„-N 

15 wherein R3, R4 and n are as defined for formula (I), to yield a compound of formula (I/a), a 
particular case of the compounds of formula (I) : 
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wherein Boc, R3, R4, Wi, Z and n are as defined hereinbefore, 

which compound of formula (I/a) is optionally subjected to the same reaction conditions as 
the compoxmd of formula (VIII) to yield a compound of formula (I/b), a particular case of 
5 the compoimds of formula (I) : 




wherein R3, R4, Wi, Z and n are as defined hereinbefore, 

♦ or subjected to the same reaction conditions as the compound of formula (X) to 
yield a compoimd of formula (XIV) : 

COOMe 




(XIV) 



wherein Pg, Wi and Z are as defined hereinbefore, 

which compound of formula (XIV) is subjected to the same reaction conditions as the 
compound of formula (XII) to yield a compound of formula (I/c), a particular case of the 
compounds of formula (I) : 




O. /Wn— n( 



W, f 




(I/c) 



OH 



wherein Po, R3, R4, Wi, Z and n are as defined hereinbefore, 
which compound of formula (I/c) is : 

■ either optionally subjected to the action of formic acid to yield compounds of 
formulae (I/d) and (I/e), particular cases of the compounds of formula (I) : 




R. 



^ T ^ 



OH 



N 

H' ^O 



A. 



,OH 



O 



(I/d) 



(I/e) 



wherein R3, R4, Wi, Z and n are as defined hereinbefore, 
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or optionally subjected to the action of a compound of formula (XV) : 

R83— G (XV) 

wherein G represents a leaving group and Rga, which is other than a hydrogen 
atom, has the same definition as Rg in formula (I), to yield a compound of 
formula (I/f), a particular case of the compounds of formula (I): 




wherein Pg, R3, R4, Rsa, Wi, Z and n are as defined hereinbefore, 

the amine function of which compounds of formula (I/f) is optionally deprotected 
according to conventional methods of organic synthesis to yield a compound of 
formula (I/g), a particular case of the compounds of formula (I) : 




(I/g) 



wherein R3, R4, Rsa, Wi, Z and n are as defined hereinbefore, 

the compounds of formulae (I/b), (I/d) and (I/g) constituting the compoimds of 
formula (I/h) : 




(I/h) 



wherein R2, R3, R4, Wi, Z and n are as defined hereinbefore, 



I*' filing 



38 

which compounds of formula (I/h) are optionally subjected to the action of a compound of 
formula (XVI): 

R—G (XVI) 

wherein Ru, which is other than a hydrogen atom, has the same definition as Ri in 
5 formula (I) and G is as defined hereinbefore, to yield a compound of formula (I/i), a 
particular case of the compoimds of formula (I) : 




wherein Ru, R2, Rs? R4, Wi, Z and n are as defined hereinbefore, 

• or treated with N-methylmaleimide to yield a compound of formula (XVII) : 




(xvn) 



wherein Pq, Wi and Z are as defined hereinbefore, 

which compound of formula (XVII) is subjected to the same reaction conditions as the 
compound of formula (VII) to yield a compound of formula (XVIII) : 



1" filing 



39 




(xvm) 



OH 



wherein Pq, Wi and Z are as defined hereinbefore, 

which compound of formula (XVni) is subjected to the same reaction conditions as the 
compoimd of formula (XII) to yield a compound of formula (I/d) as described 
hereinbefore. 



10 



the compounds of formulae (I/a) to (I/i) constituting the totality of the compounds of 
formula (I), which compounds are, if appropriate, purified according to conventional 
purification techniques, may, if desired, be, separated into their different isomers 
according to a conventional separation technique and are, if desired, converted into 
addition salts with a pharmaceutically acceptable acid or base. 



12. Pharmaceutical compositions comprising as active ingredient at least one compoiuid of 
formula (I) according to any one of claims 1 to 10, on its own or in combination with 
one or more pharmaceutically acceptable inert, non-toxic excipients or carriers. 
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13. Pharmaceutical compositions according to claim 12, useful as medicaments in the 
treatment of cancers. 



14. Compounds of formula (X), (XI) and (XIV) : 

COOMc 




(X) 




for use as synthesis intermediates of compounds of fomiula (I). 
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